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ABSTRACT
Cytotoxic T cells from (Pi x P2)Fi -> Px semiallogeneic radiation 
chimeras show a preference towards the H-2 type of the host in H-2 
restricted responses to foreign antigens. Some of these chimeras may 
be incompletely tolerant of the P2 haplotype, and P2 H-2 K and D antigens 
may be expressed on their spleen cells at much lower levels than is 
found on normal (Pi x P2 )Fi hybrid cells. Experiments described in this 
thesis were designed to provide more basic information on the immuno­
biology of radiation chimeras; semiallogeneic chimeras were analysed 
firstly by a rosetting technique for changes to their H-2 antigen 
phenotypes, and secondly for the functional capabilities of their T 
cells with respect to both self tolerance and H-2 restriction preferences, 
by means of (i) rejection of parental skin grafts in vivo3 (ii) spleen 
cell lysis of parental targets after stimulation in vitro with parental 
cells, and (iii) secondary in vitro responsiveness against ectromelia 
virus-infected parental cells.
The phenomenon of reduced P2 H-2 antigen expression on spleen 
cells from (Pi x P2)Fi -> Pi chimeras was reproduced in Chapter 3. Grafting 
the chimeras with P2 skin was not necessary for this aberrant H-2 
phenotype to occur, and it appeared that once P2 H-2 levels were reduced 
on the chimeric lymphocytes, they remained at low levels indefinitely 
in the animal. However, the aberrant phenotype was shown to be 
reversible. When bone marrow stem cells from chimeras that expressed 
low P2 levels were transferred into lethally irradiated (Pi x P2)Fi 
hosts, the progeny splenic lymphocytes expressed the same concentrations 
of P2-type H-2 antigens as normal (Pi x P2 )Fi hybrid cells.
Aberrant chimeric spleen cells did not re-express P2-defined H-2
(V)
determinants after overnight culture, and therefore failed to provide 
evidence that anti-P2 antibody might be masking and/or capping P2 H-2 
molecules off the cell membranes.
Experiments on chimeras that had been grafted with parental 
thymuses showed that the H-2 type of the thymus did not modulate H-2 
antigen expression of spleen cells. Instead, the extrathymic host 
environment played a more significant role. All chimeras that displayed 
reduced levels of P2 H-2 could mount responses both in vivo and in vitro 
against the P2 haplotype, thereby demonstrating a strong association in 
these animals between quantitative alterations to non-host H-2 antigen 
levels and loss of tolerance to that haplotype.
Experiments designed to investigate the H-2 restriction capabilities 
of cytotoxic T cells in thymus-grafted chimeras demonstrated preference in 
favour of the H-2 type of the thymus for lysis of virus-infected target 
cells. The bias varied between undetectable and absolute among individual 
animals that expressed normal Fx levels of H-2 antigens, but absolute 
restriction was seen in only 4 out of 21 chimeras. In the other 17 chimeras, 
T cells restricted to the non-host, non-thymic parental H-2 type were 
readily detected. Chimeras with thymus grafts from both parental strains 
showed reduced T cell activity, suggesting that an extrathymic suppression 
mechanism was controlling T cell function in these chimeras.
The results were discussed in terms of a model for negative 
selection of the T cell repertoire in the thymus and further suppression 
of any self-reactive cells in the secondary lymphoid tissues.
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1. LYMPHOCYTES AND IMMUNITY
1.1 Introduction to the Immune System
The immune system of higher vertebrates is characterised by 
certain features: it is specific for individual antigens; it is
diverse in that it can mount a response to a vast number of different 
antigens; it is flexible in that it may vary its repertoire to permit 
the response to virtually any antigen that may appear in nature to 
invade the animal; it is adaptable to antigenic stimulation so that 
a second encounter with the same antigen provokes a faster and greater 
immune response, i.e. it demonstrates immunological memory; it is 
tolerant to self so that under normal conditions an immune system 
does not react to its self components. All these properties are 
determined mainly by the lymphocyte, a small round cell with scanty 
cytoplasm, which was for a long time considered to be an end cell 
lacking further proliferative or differentiation potential.
Small lymphocytes, however, are immunologically competent cells 
(Medawar 1958, Billingham et al. 1962). They can change rapidly into 
dividing cells with new morphological characteristics (Gowans 1962) 
capable of mediating a wide range of functions in immunity. For 
instance, classical studies by Coons and coworkers in the 1950s 
established that after antigenic stimulation antibody production in 
both primary and secondary responses is located in a line of lymphocytes 
which divides and differentiates to form mature plasma cells (Coons et 
al. 1955, Leduc et al. 1955, White et al. 1955). That these plasma 
cells make and secrete antibody was demonstrated in studies on 
single cells isolated from lymph nodes (Nossal et al. 1964). Also,
lymphocytes transferred into irradiated, immunologically incompetent 
animals could reconstitute the antibody response (Roberts et al. 1957, 
Cochrane § Dixon 1962, Gowans § McGregor 1963) of the recipient; 
they could transfer delayed-type hypersensitivity (DTH) (Chase 1945, 
Wessldn 1952, Bloom § Chase 1967), initiate the rejection of allo­
geneic skin grafts (Gowans et al. 1962, Billingham $ Silvers 1963), 
confer immunity to transplantable tumours (Mitchison 1955), and provide 
immunological tolerance (Gowans et al. 1962).
Because lymphocytes occur in the blood as well as the lymphoid 
tissues, they are generally classified as belonging to the system of 
cell populations that generate blood cells, otherwise known as the 
haemopoietic cell system, In the mouse embryo, haemopoietic cells 
arise initially in the yolk sac, and migrate sequentially to the liver, 
spleen and bone marrow of the foetus; in adults, haemopoiesis occurs 
largely in the bone marrow and to a lesser extent in the spleen 
(Metcalf $ Moore 1971).
1.2 Haemopoietic stem cells
The concept of a line of multipotential stem cells, from which 
all the various blood cell types were derived, was first proposed 
by Maximow who postulated the existence of a "haemocytoblast" (Maximow 
1924). Such a cell has indeed been defined in haemopoietic tissues: 
the transfer of normal murine bone marrow cells into irradiated hosts 
causes the development within the recipient spleens of cell colonies 
containing differentiating erythrocytes, granulocytes, megakaryocytes 
(Till § McCulloch 1961, McCulloch § Till 1962), and also monocytes and 
lymphocytes (Edwards et al. 1970, Schrader § Schrader 1978, Muraoka $ 
Miller 1980, Jones-Villeneuve et al. 1980). These colonies were shown
to be composed of either a single cell lineage or a mixed population 
of cells. Yet their clonal nature was established by the use of 
bone marrow cells bearing chromosomal abnormalities randomly generated 
by irradiation, which were transferred into unirradiated recipients 
(Wu et at. 1968). The fact that each colony originated from a single 
cell demonstrated the multipotential nature of these stem cells.
Stem cells can undergo a series of divisions during which they 
are capable of differentiating into the precursors of the various 
functional populations, or renewing themselves as multipotential 
cells (Siminovitch et at. 1963). There is controversy about what 
determines the line of development along which a stem cell will proceed 
(Till et at. 1964, Curry § Trentin 1967, Van Zant $ Coldwasser 1977). 
While a vast literature has accumulated on the humoral factors known 
to drive differentiation along given lines, it is unclear whether 
or not these factors determine stem cell commitment.
Cells, other than lymphocytes, derived from the haemopoietic 
system are: erythrocytes, megakaryocytes which produce platelets,
granulocytes, eosinophils, basophils, and monocytes which migrate 
into the tissues to become macrophages. The development of these 
non-lymphoid lines has been reviewed elsewhere (Metcalf § Moore 
1971, Till § McCulloch 1980) and is not of direct relevance to this 
thesis.
Stem cell progenitors of lymphocytes can differentiate along two 
alternative pathways: they may become bursa-derived lymphocytes (B
cells*), the immunologically competent precursors of immunoglobulin- 
producing plasma cells, or they may develop into Thy 1-bearing thymus-
*The bursa of Fabricius is found only in birds. In mammals, B cells 
are assumed to differentiate in the bone marrow.
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derived lymphocytes (T cells).
1.3 T lymphocytes
T cell progenitors which migrate to the thymus from the haemo- 
poietic tissues such as bone marrow lack all identifying T cell 
markers before they enter the thymus (Scheid et at. 1973). However, 
they are already unipotential, being separable from the progenitors 
of B cells (Lepault et al. 1985) and distinguishable from multipotential 
stem cells on the basis of their cell density (El-Arini § Osoba 1973), 
and their drug and irradiation sensitivities (Berman § Kaplan 1959).
As will be discussed later, these unipotential stem cells differentiate 
into T cells in the thymus; they acquire Thy 1 antigen (Lepault §
Weissman 1981) and various lymphocyte alloantigens of the Lyt series 
(Mathieson et al. 1979, Scollay £ Weissman 1980, Lepault et al. 1983), 
their expression of histocompatibility antigens increases (Scollay 1982) , 
and they become the resting precursors of immunologically active T cells 
(Stutman 1978). It has been accepted that during their development 
in the thymus T cells establish tolerance to self and acquire the T cell 
receptor repertoire needed for their specific responsiveness to 
antigen (Immunol. Rev. A2_, 1978, 1 - ). These issues are highly 
contentious today; they provide the theoretical basis for this thesis, 
and we await the definition of the T cell receptor before these points 
can become established fact.
Post-thymic T cells migrate via the blood and lymph to the 
T-dependent areas of the peripheral lymphoid organs, viz, spleen, 
lymph nodes and Peyer's patches (Parrott § De Sousa 1971, Greaves 
et al. 1973). They also recirculate from blood to lymph via the 
post-capilliary venules of the lymph nodes, and back to blood via 
the thoracic duct (Gowans 1957, 1959, Gowans $ Knight 1964, Gowans §
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McGregor 1965). Eighty to ninety percent of mouse thoracic duct 
lymphocytes are Thy 1 positive; T cell depletion markedly decreases 
the number of lymphocytes in the thoracic duct (Miller § Mitchell 
1969, Tyler et al. 1968), and nude mice, which have no thymus, have 
very few lymphocytes in their thoracic duct lymph (Sprent § Miller 
1972) . There is evidence that not all T cells recirculate (Stobo 
et at. 1972, Stobo § Paul 1973), but a very large proportion of them 
do not remain sessile in the lymphoid organs once they have migrated 
there.
T cells which are not activated by antigen can be very long-lived, 
varying in their lifespan from 4-5 days up to several months as 
measured by the interval between two successive cell divisions (Everett 
et al. 1964). Attempts to categorise T cells on the basis of their 
longevity have been largely arbitrary; however, it would seem logical 
for immunological memory to be a function of cells which last for 
long periods of time without division. There is some evidence that 
long-lived T cells may have a longer average lifespan than long-lived 
B cells (Sprent § Miller 1972).
Mature T cells express a variety of serologically detectable 
antigens on their cell membranes (reviewed by Katz 1977, McKenzie § 
Potter 1979). The antigen identified mainly with T lymphocytes is 
Thy 1, and has been used extensively to distinguish T cells from B 
cells. T lymphocytes express high levels of H-2 K and D region mole­
cules; the thymus-B cell common antigen (Th-B) and the mouse specific 
lymphocyte antigen (MSLA) are detectable; they vary in their expression 
of la histocompatibility antigens and the Ly series of alloantigens 
according to their functional grouping. FcR, another membrane- 
associated receptor which binds the Fc portion of the immunoglobulin
9 .
molecule, is present on some T cells for no known reason.
The functional and antigenic heterogeneity of T cells has 
permitted their classification into a series of subsets (Katz 1977, 
Snell 1978), which can be categorised broadly as regulatory and 
effector cell subpopulations. Regulatory cell groups are able to 
modulate the responses of the effector lymphocytes in both positive 
and negative directions; effector T cells carry out cell-mediated 
immunity.
1.3.1. Regulatory T cells
Initiator T cells (Ti), when sensitised to an alloantigen, 
function to recruit allospecific lymphocytes from the lymph nodes 
(Cohen § Livnat 1976). Their sensitisation to alloantigen occurs 
rapidly, within 4-6 hours, requires protein but not DNA synthesis, 
and once established is not destroyed by irradiation in vitro of up 
to 2000 R (Snell 1978). They are found most frequently in the spleen 
and are probably short-lived. They can also respond to soluble 
antigens (Steinman et at. 1977), are involved in the adoptive transfer 
of protection against the bacterium Listeria monocytogenes to naive 
recipients (Kaufmann et at. 1979), and may collaborate in vitro with 
other T cells in the anti-Listeria immune response (Kaufmann et at. 
1982). However, attempts to identify them in primary antiviral immune 
responses have been unsuccessful (R.V. Blanden, personal communication). 
It has been proposed that their role in immunity is to patrol 
the tissues to detect any invading immunogens (Cohen $ Livnat 1976). 
After activation by antigen, Ti cells can give rise to antigen-specific 
memory cells with initiator capabilities, but Ti probably do not become 
effector cells themselves. Phenotypically, they express I region
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associated (la) antigens, and are Lyt 1+, 2/3+, i.e. they express 
high levels of the antigens Lyt 1 and Lyt 2/3 which are found on 
lymphocytes (Feldmann et dl. 1977).
Helper T cells (Th) collaborate in the induction of immune 
responses, helping B cells to mount specific antibody responses 
(Claman et dl. 1966, Davies et dl. 1967, Miller § Mitchell 1968, 
Mitchison 1971) or assisting other T cells in their effector capacities 
(Cantor $ Asofsky 1970, 1972). They function by activating B cells 
or effector T cells under the appropriate circumstances for an efficient 
immune response, but their possible role after that in the effector 
phase of immunity is an unresolved question. They are Lyt 1+, 2/3 .
The Th cell subclass involved in B cell responses has been subdivided 
further into two groups on the following bases (Marrack § Kappler 
1976, Tada et dl. 1978): Th 1 lacks antigens coded by I-A and I-J
subregions of the H-2 gene complex (I-A , I-J ), and acts exclusively 
on the B cells specific for the stimulating antigen; Th 2 is I-A+,
I-J+, and once activated secretes antigen non-specific factors to 
trigger the B cell response. Th 1 develops early, within the first 
week of the antibody response, whereas Th 2 appears several weeks 
later (Takatsu et dl. 1980).
Suppressor T cells (Ts) (Gershon 1974) exert the opposite 
effect to Th cells in that they depress both T and B immune responses. 
They are generally recognised by their expression of I-J coded 
antigenic determinants (Murphy et dl. 1976), although as mentioned 
above, Th 2 also express I-J antigens. However, Ts generally carry 
the Lyt 1 , 2/3+*phenotype to distinguish them from Th cells (Beverley
*Lyt 1 antigen can be detected on all T cells, but it is found at much 
lower levels on some T cell subpopulations than others (Ledbetter et al. 
1980). The low expressor phenotype is referred to as Lyt 1“.
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et dl, 1976, Cantor et dl, 1976, Jandinski et dl, 1976). Ts are also 
a heterogeneous subset of cells, as reflected for instance in the 
description of some non-specific suppressors displaying the Lyt 1+,
2/3+ phenotype (Pickel § Hoffmann 1977, Mosier et al, 1977).
1.3.2 Effector T cells
Cytotoxic T cells (Tc) are defined in vitro as having the 
capacity to lyse infected or chemically modified syngeneic target 
cells, H-2 incompatible targets, and under some special conditions 
non-H-2 disparate cells with differences in minor histocompatibility 
antigens. The H-2 restriction governing their function will be 
discussed later. Tc cells are the specific agents in the elimination 
of viral infections (Blanden 1974a). They have been shown to transfer 
antimicrobial resistance to Listeria monocytogenes in both rats and 
mice (Jungi et dl. 1982, Cheers £ Sandrin 1983) and have been implicated 
in the recovery of cattle from the protozoan parasite Theileria.parva 
(Eugui § Emery 1981). Tc cells are involved in immunity to some 
transplantable tumours (Cerrotini $ Brunner 1974), and in the rejection 
of allografts along with DTH-mediating T cells (Ascher et al. 1983).
They have also been shown to mediate DTH to certain viral infections 
(Leung § Ada, 1980a, Ada et al. 1981, Lin § Askonas 1981). Antigenically, 
Tc cells lack la antigens (Beverley et dl. 1976, Lonai 1975), and are 
generally considered to be Lyt 1 , 2/3+ (Cantor § Boyse 1975a,b, Kisielow 
1975), although Tc cells bearing Lyt 1+, 2/3+ have been reported in 
certain strains of mice (Beverley et al. 1976, Pang et al. 1976).
Essentially, a DTH response occurs when specific lymphocytes are 
stimulated antigenically to release biologically active mediators which 
in their turn attract mononuclear cells into the lesion. The cells which
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classically mediate DTH (Td) are Lyt 1+, 2/3 (Huber et al. 1976,
Vadas et al. 1976, Leung § Ada 1980b), and do not express la antigens 
(Vadas et al. 1976). However, for the successful transfer of DTH 
to a naive recipient challenged with antigen, the primed donor cells 
must bear I-A subregion genes which match those of the recipient 
animal (Leung et al. 1980, Miller et al. 1975, Vadas et al. 1977).
In the recipient, macrophages appear to process and present the 
antigen to the I-A matched Td cells in order to activate them (Mottram 
§ Miller 1980). Td cells are phenotypically the same as some Th 
cells (Bianchi et al. 1981).
1.4 B lymphocytes
B cells in birds mature in the bursa of Fabricius, which is the 
sole site of humoral antibody-forming capacity (Glick et al. 1956, Warner 
et al. 1969, Cooper et al. 1969). Bursal lymphocytes are derived 
from migrant blood-borne stem cells (Moore § Owen 1966); since there 
is no mammalian equivalent of this organ, it is generally considered 
that B cells in mammals differentiate in foetal liver and spleen 
before birth (Tyan § Herzenberg 1968, Nossal § Pike 1973) and in the 
bone marrow thereafter (Mitchell $ Miller 1968). Speculations that 
the gastrointestinal lymphoid tissues provide bursal function (Cooper 
et al. 1966, Percy et al. 1968) have never been validated.
Newly formed B cells migrate via blood to the peripheral 
lymphoid organs. Once they settle in the B dependent areas, they 
tend to remain there. B cells recirculate much less than T cells 
(Sprent § Miller 1972, Howard et al. 1972). Like T cells they can 
be long-lived, but their lifespan is affected by antigenic or mitogenic 
stimulation (Bach $ Brashler 1970).
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B cells are characterised by the expression of immunoglobulin 
(Ig) on their cell membranes. Pre-B cells can be detected in bone 
marrow by the presence of Ig chains within their cytoplasm well before 
Ig appears on the cell surface (Raff et al. 1976, Melchers et al.
1976, Burrows et al. 1979, Levitt § Cooper 1980). All newly formed 
B cells first synthesise IgM (Kincade et al. 1970, Lawton et al. 1972), 
but subsequently, IgD can be produced at the same time as IgM since the 
majority of peripheral B cells in adult animals carry both these 
classes of Ig (Abney et al. 1978).
The synthesis of antibody by the B lineage requires firstly the 
rearrangement of genes on the chromosome during ontogeny, and later the
C M  f > h c t \
translation of DNA sequences from unlinked genes in order to produce 
different classes of Ig with the tremendous diversity of antigenic 
binding sites (idiotypes) that make up the antibody repertoire (reviewed 
by Kincade 1981). There are five different classes of Ig: IgM, IgD,
IgG, IgA and IgE (Nisonoff et al. 1975). They vary in their physical 
properties, concentrations in serum, functional capabilities, and 
the conditions for their production in an immune response. B cells 
may switch from the production of one class of Ig to another, e.g.
IgM -* IgG, without altering the specificity of the Ig for antigen 
(Nossal et al. 1964, Pierce § Klinman 1975, Gearhart et al. 1975), 
and there are even examples of this switch occurring without obvious 
antigenic stimulation (Lawton $ Cooper 1974).
As well as T cells, B cells express H-2K, D and la antigens,
Th-B antigen and, more generally than T cells, the Fc receptor. Other 
serologically detectable antigens exclusive to B cells are Lyb 4, 5, 6,
7 and 8, mouse specific B lymphocyte antigen (MBLA), ML2 antigen, and 
the mouse specific plasma cell antigen (MSPCA). B cells can also express 
CR, a membrane receptor for the third component of the complement cascade.
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The differentiation antigens Qal, Qa2 and Qa4 are displayed on B cell 
precursors and some B cell populations, but their time of appearance 
depends upon the chronological age of the animal rather than the 
differentiation stage of the cells (Kincade 1981).
B cells can be separated into subclasses on the basis of their 
expression of some of the antigens mentioned above as well as on 
their functional capability in various assays. Definition of these 
subclasses will not be attempted here.
2. THYMUS
2.1 Historical overview
From as early as the seventeenth century, descriptive studies on 
the thymus, such as its ultrastructure and growth properties, were 
extensively documented. Up until the 1960's, the organ was called 
the thymus gland, although there was no real evidence for a thymic 
hormone; it was known to be full of lymphocytes although these lymphocytes 
did not produce antibody. The function of the thymus remained an 
enigma until 1961 when two independent studies were published about 
neonatally thymectomised animals. One report was a brief abstract 
stating that neonatally thymectomised animals gave impaired antibody 
responses to bovine serum albumin (Archer § Pierce 1961); the other 
study demonstrated that neonatal thymectomy of mice caused a severe 
depletion of lymphocytes in the lymphnodes and spleen, and a permanent 
failure to reject allogeneic skin grafts (Miller 1961). Furthermore, 
it was shown that after neonatal thymectomy mice develop a fatal 
wasting disease, lack small lymphocytes in peripheral blood and 
Peyer's patches, and show a diminished capability to produce serum
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antibodies to some antigens (Miller 1962 a,b).
Sir Macfarlane Burnet wrote: "... we are taking part in the
elucidation of the function of the last major organ of the body to 
remain a mystery." (Burnet 1962). Miller’s work established the fact 
that the thymus is the site of maturation of the immunologically 
competent lymphocytes known as T cells.
2.2. Thymus as a primary lymphoid organ
As was mentioned earlier, the thymus and the bursa of Fabricius 
are the two known primary lymphoid organs. The thymus is distinguished 
from the secondary lymphoid organs by the absence of executive 
immunological events such as antibody formation, an extremely high 
level of lymphoid cell proliferation independent of antigenic stimulation, 
and a prominent compartment of epithelial cells; within 24 hours of 
the onset of any serious illness, it atrophies rapidly in adults at 
the same time as the secondary lymphoid organs hypertrophy (Boyd 1932).
The thymus also has another puzzling characteristic: it grows
rapidly in the foetus to reach its maximum size relative to the 
animal at birth, continuing to grow in the young animal until puberty 
(Boyd 1932). Then growth ceases and the organ slowly involutes, i.e. 
the active thymic tissue is gradually replaced by fatty connective 
tissue (Hammar 1921, Metcalf 1960a). This apparent shutdown in 
activity suggests that the thymus must exercise its most important 
functions early in life. In fact, removal of the adult thymus has 
little immediate deleterious effect (Metcalf 1960b). However, involution 
is not complete and the thymus continues to function throughout life 
(Hammar 1935, Metcalf 1966a); adult thymectomy in the long term causes 
an increasingly severe defect in immune capability (Metcalf 1965,
Miller 1965).
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2.3 Ultrastructure
Anatomically, in most species, the thymus is a moderately large 
paired organ overlying the heart in the upper anterior mediastinum of 
the chest. The two creamy-grey-coloured lobes, bound together by a thin 
connective capsule, are derived from the third pharyngeal pouch during 
embryogenesis (Crisan 1935, Rygaard 1973). The thymus looks avascular 
because its blood vessels are small. The framework of the lobes is 
composed by reticular fibres closely associated with blood vessels 
(Smith § Ireland 1941). These fibrous septae break up the organ into 
lobules, each containing a cortex which surrounds a central medulla.
The cortex and the medulla are separated by a thin corticomedullary 
zone. Before involution the proportion of cortex to medulla is 
remarkably constant at about 9:1 (Metcalf 1966a). Blood supply to 
the cortex is by a fine network of capillaries radiating out from thin 
arteries, whereas in the medulla there is a preponderance of veins 
and fewer arteries (Smith et al. 1952). Lymphatic drainage occurs 
through sheath-like lymph vessels which accompany the medullary veins 
and arteries (Smith 1955).
2.4 Cellular components
The different types of cells that constitute the thymus are as 
follows: epithelial and reticular cells (Smith 1964), lymphocytes
(Beard 1900, Weissman 1973, Fathman et al. 1975a, Cantor and Weissman 
1976), interdigitating or dendritic cells (Kaiserling et al. 1974,
Rouse et al. 1979, Steinman 1981), eosinophils, and macrophages (Smith 
1964, Hume et al. 1983). Chromolipoid cells and some mast cells 
develop during ageing and after irradiation (Smith 1964) .
Structurally one could imagine each thymic lobule as being like
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a sponge of epithelial and reticular cells within which are embedded 
the tightly packed lymphoid cells. Cortical lymphocytes made up 90% 
of the weight of the thymus in young healthy mice.
2.4.1 Thymic lymphocytes
The lymphocytes present can be categorised as small, medium 
and large, by far the majority being small. It is established that the 
large cells divide to form the medium which in turn divide to form 
the small lymphocytes (Weissman 1967), but in view of the facts that
(a) the large lymphocytes are located in the outer cortex subcapsularly, 
the small in the more central cortex, and the medium mainly but not 
exclusively in the medulla (Metcalf 1966a, Scollay et at, 1978) and,
(b) there is intense mitotic activity in the cortex with few mitoses in 
the medulla (Metcalf 1966a), it seems that not all the medium cells 
give rise to the small lymphocytes. Rather, these medium cells of
the medulla seem to be quite different in a number of respects from 
cortical lymphocytes. Among other features, they are more stable 
in both age-related and accidental involution of the thymus, more 
mobile than those in the cortex (Sainte-Marie § Leblond 1958), much 
more radioresistant (Trowell 1961) and cortisone-resistant (Schlesinger 
 ^Golokai 1967) than cortical thymocytes, and they are capable of 
homing back to the thymus and dividing there after intravenous 
injection into an animal (Kadish § Basch 1975, 1977). Under normal 
circumstances they persist indefinitely in the thymus, not being 
completely identical to extrathymic T cells (Elliott 1973).
Some of the small lymphocytes are capable of cell division, 
since 2% directly incorporate tritiated thymidine (Metcalf 1966b), but 
they are incapable of re-entering a proliferative cycle because they
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are unable to repopulate the lymphocyte-depleted thymus of irradiated 
animals (Ford § Micklem 1963). Cortical thymocytes are not immuno­
competent. B cells account for less than 0.1% of the total thymic 
lymphoid component and these probably occur in the vasculature.
2.4.2 Thymic macrophages
Thymic macrophages are found throughout the thymus. They are 
extensively spread out on the underside of the thymic capsule and lie 
along the septae which project into the cortex. Throughout the cortex 
and the corticomedullary junction they occur as very flattened cells 
with vast membrane processes extending over the epithelial cells.
Thus they form a complete network closely associated with lymphocytes.
In the medulla they are more rounded and look more like classical 
macrophages (Hume et dl. 1983). Earlier work by Metcalf described 
a phagocytic reticular type of cell which stained with Periodic 
Acid-Schiff reagent (PAS cell) scattered throughout the outer third 
of the cortex (Metcalf 5 Ishidate 1961, 1962). About one-third of 
these cells could be shown at any given time to have phagocytosed 
pyknotic lymphocytes (Ishidate § Metcalf 1963). Even more interestingly, 
they were associated with a higher incidence of lymphocyte mitoses 
when lymphocytes were in contact with them. Metcalf speculated 
that they could be processing the debris from dead lymphocytes to 
provide nutrients for other dividing lymphocytes. The function of 
thymic macrophages will be discussed further later.
2.5 Thymic cell surface antigens
Both the stroma and lymphocytes in the thymus are known to 
express a number of cell surface antigens which are commonly used
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for separation of cell populations and for the definition of stages 
of cellular differentiation.
Thy 1 or 0 antigen (Reif § Allen 1964, Campbell et al. 1981) is 
a cell surface molecule which, in lymphoid tissue, is expressed only 
on thymus-dependent cells (Raff § Wortis 1970). It occurs at slightly 
lower levels on peripheral T cells than on thymocytes which express 
it maximally, and Thy 1 is the most abundant known surface molecule on 
mouse thymocytes. However, thymocytes can be separated into two groups 
on the basis of their level of Thy 1 antigen, the subpopulation with lower 
Thy 1 levels being more like peripheral T cells in this respect (Shortman 
et al. 1975). It has been suggested that Thy 1 might be the primordial 
immunoglobulin domain (Williams § Gagnon 1982); its function is unknown. 
The presence of Thy 1 is used routinely in techniques for the separation 
of T cells from B cells.
TL antigen is found only on the thymocytes and leukaemia cells 
of certain inbred strains of mice, and is genetically determined 
by the Tla locus of the H-2 gene complex (Schlesinger 1972). It is 
detectable on most but not all cortical thymocytes and on 30-40% of 
medullary thymocytes (Scollay et al. 1980a, Schlesinger $ Golokai 
1967).
The expression of H-2 K and D histocompatibility molecules in the 
thymus varies considerably with cell type and location. In general, 
thymic lymphocytes express markedly lower concentrations of H-2 (Gorer 
$ Boyse 1959, Winn 1960, 1962, Cerrotini $ Brunner 1967) and I-A 
antigens (Fathman et al. 1975b) than peripheral lymphocytes: the
small TL-positive cortical thymocytes express low levels of H-2D 
(Boyse et al. 1968, Scollay et al. 1980b) and undetectable levels 
of H-2K; the large subcapsular thymocytes have moderately detectable 
levels of both K and D antigens but many are I-A negative and TL
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negative by FACS analysis; the medium medullary thymocytes express 
K, D and I-A antigens almost at the same level as peripheral T cells.
In the thymic stroma, K and I region antigens are detectable from 
about the fourteenth day of gestation which is the point at which 
lymphocyte differentiation is beginning (Jenkinson et al. 1980). In 
the medulla of young adult mice, Ks D and I region antigens appear 
confluent by immunofluorescence, whereas in the cortex K and D are 
found mainly on the epithelial-reticular cells and I-A antigen is 
most readily detected on macrophages and dendritic cells (Rouse et al. 1980, 
Van Ewijk et al. 1980, Jenkinson et al. 1981). Histocompatibility antigens 
will be described more fully in Section 3.
Two other thymocyte markers frequently used are peanut agglutinin 
(PNA), a lectin which binds to immature cortical thymocytes (London 
et al. 1978), and terminal deoxynucleotidyl transferase (TdT), an 
enzyme found only in immature thymocytes (Bollum 1960, Chang 1971).
TdT is particularly interesting because it adds deoxyribonucleotides 
to the ends of DNA primers, i.e. it can synthesise new short DNA 
sequences without a template. It has been suggested that TdT may 
possibly act as a mutagen to provide diversity for the T cell receptor 
(Baltimore 1974).
2.6 Cell traffic through the thymus
Lymphoid cells do not originate in the thymus, but migrate 
there from bone marrow. This fact was established in a number of 
ways: 1. If a thymus was irradiated, the lymphocytes within it were
eliminated, yet such a thymus could fully reconstitute the immunological 
capability of a neonatally thymectomised mouse (Gregoire £ Duchateau 
1965). 2. When bone marrow stem cells were injected into irradiated,
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lymphocyte-depleted recipients, the thymus was regenerated before the 
lymph nodes. If the reconstituting cells were derived from lymph node 
or thymus, then the lymph nodes were repopulated but not the thymus 
(Ford § Micklem 1963). 3. CBA-T6T6 bone marrow cells were transferred
into normal CBA mice, and were later demonstrated to have homed to the 
thymus as well as the spleen, Peyer's patches and lymph nodes (Micklem 
et at. 1968). 4. T cell-depleted bone marrow cells were shown to give
rise to splenic T cells in irradiated recipients within 15 days of 
transplantation (El-Arini $ Osoba 1973). Prothymocytes are defined as 
being among the "null-cell" population of spleen and bone marrow 
(Basch £ Kadish 1977, Kadish § Basch 1977).
Once inside the thymus, the lymphocytes begin proliferating 
rapidly in the cortex. Large lymphocytes divide every 6.8 hours and 
medium lymphocytes every 8.2 hours (Metcalf § Wiadrowski 1966). The 
thymic lymphoid population turns over every 5-7 days (Bryant 1972), yet 
in young adult mice only 1% of these cells migrate out into the 
periphery. More than 95% of thymocytes die in situ. Such statistics 
lend themselves easily to the thesis that the thymus is the site of 
elimination or inhibition of self-reactive clones of T cells, as well 
as being the site of T cell differentiation (Burnet 1962), but we 
await elucidation of the precise reason why there is so much cell 
death in the thymic cortex.
Jerne explained this cell death in terms of thymic selection 
exerted by self histocompatibility antigens on maturing thymocytes, 
and suppression of "forbidden clones" capable of reacting against self 
which must not be released into the periphery (Jerne 1971). His 
postulate was based on cell-cell interactions between thymocytes and 
the non-lymphoid component of thymus via receptors for MHC antigens. 
Indeed, a cell population called thymic nurse cells (TNCs) has been
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defined in vitro as a group of thymic epithelial cells expressing K and 
D antigens which supposedly engulf cortical thymocytes and permit 
them to undergo high mitotic activity (Wekerle § Ketelson 1980, Wekerle 
et at. 1980). However, it was subsequently shown that TNCs do not 
completely envelop the thymocytes and that all the thymocytes within 
a given TNC are not from one clone (Kyewski £ Kaplan 1982). Nevertheless, 
purified TNCs when cultured with these thymocytes in the presence of 
IL-2 were shown to give rise to Lyt 1 T cells, i.e. TNC-derived 
thymocytes were the precursors of cytotoxic/suppressor T cells. It is 
not yet clear whether Lyt 1 is lost from the thymocytes, thus defining 
another stage of differentiation, or whether one subclass of thymocytes 
preferentially associates with the epithelial cells intrathymically.
Histological studies (Metcalf 1966a, Hume et al. 1983) have shown 
the close association of macrophages with proliferating cortical 
thymocytes. Macrophages can stimulate thymocytes to proliferate by 
the production of IL-1 (Bettens et dl. 1982), and in the medulla, 
macrophages or dendritic cells (Ia+, Thy 1 , Ig ) can induce the pro­
liferation of the relatively mature PNA thymocytes (Howe et dl, 1970, 
von Boehmer § Byrd 1972, Beller £ Unanue 1978, Born § Wekerle 1982) 
possibly for the production of lymphokines such as IL-2 (Yu et dl,
1980, Stutman et dl, 1980). Thymocyte rosettes, i.e. multicellular 
aggregates between thymocytes and the non-epithelial bone marrow- 
derived stromal cells of the thymus (IA/E-bearing macrophages or 
dendritic cells), which are preformed in vivo have been isolated and 
purified (Kyewski et dl, 1982). Incoming thymocytes from the bone 
marrow may first associate with and proliferate around macrophages, 
then subsequently with epithelial cells so that different subclasses 
of T cells mature depending on which cell type they associate with 
in the thymus.
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Newly formed T lymphocytes pass out of the thymus via blood and 
lymph to seed the spleen, lymph nodes and Peyer's patches, and to re­
circulate. It is not known whether the thymic emigrants are from the 
cortex or the medulla. When they leave the thymus they are immunologically 
competent and look like peripheral T cells in terms of all known 
phenotypic markers (Scollay et dl. 1978, Scollay 1982), yet there has 
not been a set of lymphocytes demonstrated still within the thymus 
that the emigres obviously derive from.
2.7 Thymic hormones
The endocrine role of the thymus has not been ignored since 
Miller’s discovery of thymic immunological function. In fact, a large 
number of hormone-like peptides which are produced by the thymus have 
been characterised (Goldstein et dl. 19S1). Many of them have been 
sequenced or extensively analysed biochemically, and all are quite 
distinct. Histochemical and cytological studies suggest that it is 
mainly the epithelial-reticular cells of the thymus medulla which are 
engaged in the production and secretion of these hormones (Trainin 
1974).
As far back as 1956, a serum factor produced largely by thymic 
epithelium was demonstrated, which stimulated lymphocytosis in baby 
mice (Metcalf 1956). It was called lymphocytosis-stimulating substance 
or LSS. When athymic mice were grafted with embryonic or neonatal 
thymus tissue enclosed in diffusion chambers, thus preventing cell 
contact or movement between host and graft, then these mice developed 
the ability to reject allogeneic skin grafts (Osoba £ Miller 1963).
Thymic grafts maintained inside diffusion chambers completely lost 
their lymphoid component, yet the remnant of epithelial cells maintained
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an effective reconstitution for neonatally thymectomised mice, in that 
wasting syndrome was prevented and antibody production against sheep 
erythrocytes was permitted (Osoba § Miller 1964). The implication 
was that a humoral factor could endow lymphocytes with immunological 
competence. This was indicated more directly in neonatally thymectomised 
rats which gained the ability to mount DTK responses to bovine serum 
albumin after being treated with repeated injections of thymic 
extracts (Jankovic et at. 1965).
Only a small number of thymic factors will be mentioned here.
The most studied thymic hormones are the thymosin family of 
polypeptides of which there are 40-50 members, some active individually 
and others with no known function (Goldstein et at. 1981). They are 
all derived from thymosin fraction 5, a potent soup of immunopotentiating 
agents with molecular weights between 1000 and 15000 daltons (Low et at. 
1979, Low § Goldstein 1979). Some examples of these polypeptides are
*f +  +as follows: Thymosin ai can induce the expression of the Lyt 1 2 3
fir\o>ri*ve
antigen phenotype on -hyman lymphocytes, amplify the capacity of murine
K
lymphocytes to respond to T cell mitogens, and induce macrophage 
inhibition factor (MIF) in guinea pig peripheral blood leukocytes (Low 
et at. 1979). It can also modulate the expression of TdT in that it 
decreases TdT expression in thymocytes when used at low concentrations, 
but increases TdT expression at high concentrations (Hu et at. 1980, 
Goldschneider et at. 1981). Thymosin a7 is a potent inducer of 
suppressor cells (Goldstein et at. 1981). Thymosin B3 and 34 both induce 
TdT expression in TdT bone marrow cells both in vivo and in vitro (Low 
et at. 1981).
Thymopoietin, formerly known as thymin, is a factor found only in 
the thymus and acts specifically on prothymocytes (Goldstein 1968). It 
induces the differentiation of thymocytes from bone marrow or spleen
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precursors (Komuro $ Boyse 1973, Basch $ Goldstein 1974).
THF is a thymic hormonal factor which confers greater resistance 
to hydrocortisone on thymocytes (Trainin et al. 1967, 1974, Trainin 
1974). FTS or facteur thymique serique is a 900 dalton peptide 
originating in the thymus but commonly found in normal serum, which 
confers sensitivity to anti-6 serum and azathioprine on the precursors 
of thymocytes (Bach § Dardenne 1972, 1973, Dardenne et al. 1977).
The list of factors is long and their claimed capabilities are 
indeed astonishing, but they cannot completely replace a structurally 
intact thymus in producing immunological competence. Thymus grafts 
enclosed in diffusion chambers did not permit the full recovery of 
lymph node, spleen and Peyer's patches in thymectomised hosts (Osoba 
§ Miller 1964), so intrathymic cell contact is probably an important 
part of the T cell differentiation process. Also, when strips of 
cortical tissue or single cell suspensions of thymic tissue are used 
as grafts, there is no reconstitution (Metcalf 1963). Thus the 
structural integrity of cortex and medulla together is necessary for 
proper thymic function.
3 THE MAJOR HISTOCOMPATIBILITY COMPLEX OF THE MOUSE 
3.1 Historical considerations
That susceptibility and resistance to transplants had a genetic 
basis was first demonstrated by Loeb in 1902 and subsequently by Little 
and coworkers, who used inbred mouse strains to reveal the existence of 
multiple histocompatibility genes. The first identification of an 
individual histocompatibility locus came in 1937 when Gorer demonstrated 
a blood group gene locus in mice and showed that it determined whether
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or not a transplantable tumour would grow in a given mouse strain.
This pioneering work on the genes responsible for the stimulation of 
alloantibody production and for graft rejection (Gorer 1936, 1937), 
initially called antigen II, provided the basis for the definition 
of a group of genes called H-2 (histocompatibility-2) (Gorer et al.
1948) or the major histocompatibility complex of the mouse.
3.2 Main regions of the H-2 complex
The H-2 complex on chromosome 17 in the mouse is usually divided 
into four regions - Ky I3 S and D (Figure 1.1), although evidence now 
suggests that the T region is also part of the complex (Michaeison et 
at, 1977, Stanton § Hood 1980, Soloski et al. 1981).
3.2.1 K and D regions
The K and D regions control the classical transplantation 
antigens responsible for the discrimination of self from non-self as 
defined by the rejection or acceptance of grafts. These antigens 
are believed to be present on the cells of virtually every tissue: 
spleen expresses maximal levels; other lymphoid organs express 
slightly less, whereas brain, skeletal muscle and testes have barely 
detectable levels (Klein 1975). But more recent studies have shown 
that different cell types vary significantly in the amount of H-2 
antigens on their membranes (Parr 1979, Rouse et al. 1979); lymphomyeloid 
cells in particular have high concentrations. It is possible that 
the H-2 antigens originally detected in the different organs were 
largely those expressed by the haemopoietic cells in those tissues 
(Billingham 1970).
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K and D r e g io n s  code f o r  a s e r i e s  o f  c l a s s  I m olecu les  which a re  
i n t e g r a l  membrane g ly c o p ro te in s  o f  m o le c u la r  w eight 45000 d a l to n s ,  non- 
c o v a l e n t l y  a s s o c ia t e d  w ith  32 m ic ro g lo b u l in  (3 2M) an 11500 d a l to n  
p o ly p e p t id e  ( V i t e t t a  Ej Capra 1978). From sequence a n a l y s i s ,  th e  
m o lecu le  c o n s i s t s  o f  a heavy ch a in  346 amino a c id s  long w ith  two i n t r a ­
c h a in  d i s u lp h id e  l in k a g e s  and two c a rb o h y d ra te  s id e g ro u p s .  The 
a s s o c i a t e d  32M i s  99 amino a c id s  lo n g ,  c o n ta in s  one i n t r a c h a i n  d i s u lp h id e  
bond and i s  n o t  g ly c o s y la te d  (C o ligan  e t  d l .  1981) . The m olecu le  i s  
i n s e r t e d  in  th e  l i p i d  b i l a y e r  o f  th e  c e l l  membrane by v i r t u e  o f  a 
hydrophob ic  r e g io n  n e a r  i t s  -C00H te rm in u s .
I t  i s  w e ll  e s t a b l i s h e d  t h a t  H-2 a n t ig e n s  a re  s e r o l o g i c a l l y  v ery
complex (Amos e t  d l .  1955), and has been c o n v in c in g ly  dem onstra ted  w ith
c o n v e n t io n a l  a n t i s e r a  t h a t  th e  p r o t e i n  p o r t i o n  o f  H-2 m o le c u le s ,  n o t
th e  c a rb o h y d ra te  s id e c h a in s ,  c o n ta in  th e  a n t ig e n ic  s p e c i f i c i t i e s  (Nathenson
6 C u llen  1974). However, by th e  u se  o f  monoclonal a n t ib o d ie s ,  c a r t e ­
ls
h y d ra te  d e f in e d  a n t ig e n s  have a l s o  been d e f in e d  on a H-2K m olecu le  
(O 'N e i l l  $ P a r i s h  1981a, O 'N e i l l  e t  d l .  1981).
On tw o-d im ensiona l p o ly a c ry lam id e  g e l s ,  th e  K and D r e g io n  p ro d u c ts  
a re  a h e te ro g en eo u s  p o p u la t io n  o f  m o lecu les  w ith  r e s p e c t  to  t h e i r  
m o le c u la r  w eigh ts  and charge  (K rakauer e t  d l .  1980). P a r t  o f  t h i s  
h e t e r o g e n e i t y  can be a t t r i b u t e d  to  p o s t - t r a n s l a t i o n a l  m o d i f ic a t io n s  
to  t h e  c y to p la sm ic  p r e c u r s o r  m o lecu les  such as v a r i a t i o n  in  g ly c o s y l -  
a t i o n .  The r e s t  i s  p resum ably a consequence o f  m u l t i p l e  gene p ro d u c ts .  
C e r t a i n l y  th e  K r e g io n  c o n t r o l s  two d i s t i n c t  m o lecu les  ( Iv ä n y i  and 
Ddmant 1981, Tryphonas e t  d l .  1983), and th e  D r e g io n  i s  c u r r e n t l y  
known to  code f o r  fo u r  p ro d u c ts :  D (S n e l l  e t  d l .  1971a, Shimada £
Nathenson 1969, Schwartz e t  d l .  1973a, Reyes e t  d l .  1982); L (Lemmonier 
e t  d l .  1975, M orello  e t  d l .  1977); M ( Iv ä n y i  § Ddmant 1979, S ears  §
P o l i z z i  1980); R (Hansen e t  d l .  1981, Iv än y i & Dämant 1981, Ddmant
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et dl. 1981). Recent analysis of a library of cosmid clones from 
BALB/c mice has placed the number of unique class I genes at more than 
35 (Steinmetz et dl. 1982a) although a large portion of these are 
probably encoded by the T region.
Another distinctive feature of H-2 antigens in their extreme 
polymorphism, that is, there is no single wild-type gene complex but 
a large number of prevalent alleles or alternative forms of the 
histocompatibility genes*. Currently there appear to be over 100 
alleles for each of the K and D regions alone (Klein $ Figueroa 1981).
If this polymorphism is considered together with the observation that 
the mutation rate of H-2 loci is relatively high (Klein 1978), then the 
rapid diversification of H-2 genes does not appear to disadvantage 
the host species in natural selection but may even be advantageous.
The precise function(s) of H-2 products is not known. Theories abound 
(e.g. Jeme 1971, Bodmer 1972, Ohno 1977, Parish et dl. 1981). That 
these molecules cause the rejection of non-sygeneic grafts seems to 
be more an accident of modern science than a reason for their existence.
It is well established however, that for a foreign antigen on an 
infected cell to be recognised by a T effector cell, this antigen must 
associate in some way with H-2 products on the membrane, and that the 
T immunocyte must be able to interact with the H-2 molecules on the 
infected cell in order to mount an immune response (Zinkernagel £
Doherty 1974a,b). Presumably not all antigens interact in the appropriate 
way with each H-2 molecule. Therefore diversity of H-2 molecules 
within a given population might permit a greater diversity of foreign 
antigens to be recognised and responded to by the immune system.
*Unlike the other class I molecules, T region products are not very poly­
morphic, and may be expressed to a very limited extent on cell surfaces 
(Klein 1975).
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3.2.2 I region
The I region is located in the e~2 complex between H-2K 
and Ss (David et dl. 1973, Hauptfeld et dl. 1973, Sachs $ Cone 1973).
As will be explained later, this region was first defined by genes 
that control the immune responses to a variety of antigens (Ir genes).
The cell surface molecules encoded by the J region are known 
collectively as I region-associated (la) antigens, or class II 
molecules, and appear to be equivalent to the Ir gene products (Herzenberg 
§ Herzenberg 1974, Klein et ail. 1981, McKenzie et dl, 1981). Like 
H-2 molecules they are integral membrane glycoproteins. Unlike H-2 
molecules, they are limited in their cellular distribution, being 
expressed on B lymphocytes, subpopulations of T lymphocytes particularly 
when activated, macrophages, dendritic cells, epidermis, sperm and 
Langerhans cells in the skin (Hämmerling et dl, 1975, McKenzie § Potter 
1979) . On B cells they are closely associated with the Fc receptor 
which binds antibody-antigen complexes (Dickler $ Sachs 1974).
Biochemically, la molecules have a molecular weight of 58000 
daltons and exist on the cell surface as two non-covalently associated 
polypeptide subunits: an a chain of 30000-35000 daltons, and a 3
chain of 25000-30000 daltons (Cullen et dl. 1976, Cook et dl. 1978).
The I region has been divided into I-N3 I-A3 I-B3 I-JI-E and 
I-C subregions using serological criteria. I-N was serologically 
defined as a consequence of strong proliferation in mixed leukocyte 
cultures which mapped between K aRd I-A (Hayes $ Bach 1980). B-A 
along with I-B and I-C, originally defined by the Ir genes (Shreffler 
§ David 1975, Benacerraf $ Germain 1978), were later mapped through 
recombination of inbred mouse strains. I-A encodes three known
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polypeptide chains: and which combine to form the A molecule,
and Ag (E^ ) which links with E^ encoded by the I-E subregion to produce 
a functional E molecule (Jones et al. 1978, Cook et oil. 1979). Although 
E^ is the only isolated molecule encoded in I-E3 there may be up to 
four molecular products of this subregion (Lafuse et al. 1982, Steinmetz 
et al. 1982a).
I-A/E molecules are necessary for the induction and regulation of 
immune responses. For successful cellular interaction there must be 
matching of I-A between T cells and B cells (Sprent § Alpert 1981,
Asano et al. 1981) and between T cells and macrophages (Erb § Feldmann 
1975). I-A antigens are important in mixed lymphocyte reactions (MLR) 
(Klein 1975, Lonai § McDevitt 1977), graft rejection (Klein 1975,
McKenzie § Henning 1977), antigen-induced T cell proliferation (Schwartz 
et al. 1978, Nepom et al. 1981), T cell-dependent antibody responses 
(McDevitt et al. 1976, Sprent 1980), and the transfer of delayed-type 
hypersensitivity (DTH) to proteins and polypeptides (Miller et al.
1975, 1977) other than those that may integrate into the cell membrane. 
I-A products have also been detected on soluble T cell factors 
(Armerding et al. 1974, Erb et al. 1976), and la antigens on B cells can 
act as acceptor sites for some of these factors (Taussig et al. 1976).
The I-J subregion products are serologically well defined (Kanno 
et al. 1981, Wattenbaugh 1981), but little is known of their biochemistry 
(Taniguchi et al. 1980, Wieder et al. 1982). J-J controls at least 
two molecules (Taniguchi et al. 1980) which are selectively expressed 
on suppressor and helper T cells (Ochi et al. 1982). I-J antigens 
have been detected on macrophages (Niederhuber et al. 1979) and on 
T cell-derived antigen specific suppressor factors (Tada et al. 1976, 
Greene et al. 1977). Analyses of the DNA from BALB/c mice have suggested
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that I-J determinants are not encoded between the I-A and I-E subregions 
(Steinmetz et dl. 1982b, Kronenberg et dl. 1983), contrary to earlier 
mapping studies in recombinant mouse strains (Murphy et dl. 1976,
Tada et dl. 1976), yet the possibility has not been excluded that a 
control element encoded in I-J regulates the expression of I-J structural 
genes located outside the H-2 complex.
No molecules encoded by I-B or I-C have yet been isolated. There 
is evidence that I-B as a separate subregion may not exist, since its 
effects may be accounted for by I-A/I-E interaction (Baxevanis et dl. 
1981). This is supported by DNA sequencing studies (Steinmetz et dl. 
1982b). Nevertheless, it has been claimed that I-B controls the immune 
response to the male specific H-Y antigen for DTH and graft rejection 
(Hurme et dl. 1978, Liew § Simpson 1980). I-C, the subregion controlling 
the immune response to the random terpolymer GLT (Merryman $ Maurer 
1974), codes for stimulating determinants in MLRs (Okuda § David 1978) 
and for a necessary structural component of a suppressor factor (Rich 
et dl. 1979).
3.2.3 S region
Even though the S region is located within the H-2 complex, it 
does not contain histocompatibility genes. It controls the serum levels 
of four known glycoproteins, or class III molecules, which are part of 
the complement system (Atkinson et dl. 1982): Ss, the fourth component
of complement (C4) (Gorman et dl. 1975, Ddmant et dl. 1973, Lachmann 
et dl. 1975, Carrol $ Capra 1978); Sip, a molecule very similar to C4 
but structurally and antigenically distinct, found generally only 
in the males of some inbred mouse strains (Hansen £ Shreffler 1976,
Roos et dl. 1978, Brown $ Shreffler 1980); C2 (Gorman et dl. 1980);
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B, a factor of the properdin system in the alternative complement 
pathway (Roos § Ddmant 1982, Paolucci $ Shreffler 1983). Ss and Sip are 
200 000 molecular weight peptidase precursors which become activated 
in the complement cascade, and C2 and B are 100 000 molecular weight 
proenzymes which also develop proteolytic activity upon activation.
3.2.4 T region
As mentioned earlier, cloning studies have indicated that there 
are at least 36 class I genes per haploid genome in the BALB/c mouse, 
about 30 of which are in the T region (Steinmetz e t  d l , 1982a,
Margulies e t  d l , 1982). There are at least two histocompatibility 
loci which map to T (Snell e t  a t . 1971b, Boyse e t  a t . 1972, Ddmant § 
Graft 1973, Klein § Chiang 1978), but little is known of the function 
of its other products. The molecules identified at present are: TL,
thymus leukaemia antigen (Old e t  a t . 1963) , which is expressed only 
on the small dense cortical lymphocytes of the thymus (Vitetta §
Capra 1978), Qa-1 (Stanton £ Boyse 1976, Rothenberg § Triglia 1981) 
which is actively synthesised in T and B cells of normal spleen;
Qa-2 (Flaherty 1976, Michaelson e t  d l , 1981, Soloski e t  d l , 1982) 
which is detectable on a variety of nucleated blood cells and their 
precursors, e.g. Thy-1+ cells; Qa-3 (Flaherty e t  d l , 1978) expressed 
only on splenic and lymph node lymphocytes; Qat-4 and Qat-5 (Hämmerling 
e t  d l , 1979) which are limited in expression to a proportion of mature 
T cells; Qa-6 (Flaherty e t  d l , 1982) which has only recently been 
detected serologically. These antigens have been used as markers 
of lymphocyte differentiation because they are only expressed at 
particular stages of the cell's development. They are also rapidly 
turned over on the cell membrane, e.g. Qa-1 has a half-life on the
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cell surface of about two hours.
3.2.5 U region
The only other region of possible relevance to this thesis is 
a recently reported region, U3 between S and D3 which controls 
molecules resembling la antigens (O’Neill § Parish 1981b). As yet,
U has been defined only in serological terms and awaits confirmation, 
although there is evidence that an Ir gene effect maps to the same 
part of the H-2 complex (Berzofsky et al. 1982).
4. THE H-2 GENE COMPLEX AND IMMUNITY
4.1 H-2 restriction of T cell function
The importance of the MHC in determining the rejection of trans­
plants has already been discussed. Yet, at the time when Medawar 
concluded that the lymphocyte population evoked by the graft was 
instrumental in its rejection (Medawar 1957), few people realised 
the general significance of the MHC in terms of lymphocyte function 
and immunity.
In 1970, contact hypersensitivity experiments performed in outbred 
guinea pigs were published, in which sensitisation to dinitrochloro- 
benzene was found to be most effective if the guinea pigs were primed 
with autologous dinitrophenylated lymphocytes rather than coupled 
lymphocytes from other donors (Baumgarten & Geczy 1970). These results 
foreshadowed the discoveries to come in inbred mouse strains which shed 
light on the major role of the MHC in immunobiology.
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4.1.1 Involvement in lymphocyte collaboration
When H-2 compatible thymus cells were transferred into athymic 
nude mice along with an antigen (sheep erythrocytes or bacteriophage 
T4), the mice were able to mount a substantial antibody response, but 
if H-2 incompatible cells were transferred instead, no specific antibody 
was elicited (Kindred § Shreffler 1972). Therefore, histocompatibility 
antigens were involved in the cooperation between T and B cells for 
antibody production. This finding was reproduced in congenic strains 
of mice which had all the same background genes but differed at the 
H-2 complex (Katz et dl. 1973a) and the genes responsible were mapped 
to the I region (Katz et dl. 1973b).
About the same time, the sharing of I region genes between the 
donors of antigen-primed T cells and antigen-presenting macrophages 
was found to be necessary for the proliferation of specific T cells 
(Shevach § Rosenthal 1973, Rosenthal § Shevach 1973).
4.1.2 Involvement in antiviral cytotoxicity
Then, in the study of antiviral T cell cytotoxicity, it was 
noticed that T cells primed in vivo with lymphocytic choriomeningitis 
virus (LCMV) would lyse only those infected targets that had the same 
H-2 haplotype as the donors of the Tc cells (Zinkernagel § Doherty 1974a). 
Independently and simultaneously, this phenomenon of H-2 restricted 
cytotoxicity was also found to apply to anti-hapten responses: specific
T cell killing of trinitrophenyl (TNP)-modified target cells involved 
H-2 antigens (Shearer 1974) which mapped to the K and D regions of 
the H-2 complex (Shearer et al. 1975). Subsequently, a large number 
of anti-viral and anti-hapten cytotoxic responses restricted to the 
class I regions of H-2 were described (reviewed by Zinkernagel §
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Doherty 1979), as well as H-2 restricted cytotoxicity against minor 
histocompatibility antigens (Bevan 1975a,b) and the male H-Y antigen 
(Gordon et at. 1975). Even though the susceptibility of mice to virus- 
induced leukemias was known at that stage to be controlled by the MHC 
(Sjögren § Ringertz 1962, Lilly et at. 1964), the discovery of H-2 
restriction highlighted this fact and implicated T cell responsiveness 
in the elimination of such tumours (Lilly § Pincus 1973).
H-2 restricted antiviral responses were also found to occur in 
vivo. In the transfer of virus-specific T cells to infected recipient 
mice for protection from ectromelia virus (mousepox), the immune T cell 
donors and the recipients needed to share the same class I genes if 
virus clearance was to be effective (Blanden 1974b, Kees § Blanden 1976).
Experimental evidence continued to mount in support of the require­
ment for the MHC in most aspects of T cell function. I region 
restriction, and more recently K/D restriction, was found in the immune 
response to the facultative intracellular bacterium Listeria monocytogenes 3 
whereby specific T cells activate macrophages to clear the bacterial 
infection (Zinkernagel 1974, Zinkernagel et at. 1977, Jungi et at.
1982, Cheers $ Sandrin 1983). DTH to soluble proteins, chemically 
modified cells (Miller et at. 1975, Vadas et at. 1977), and viruses 
(Leung et at. 1980) was also I region-restricted, as was contact 
sensitivity (Schultz $ Bailey 1975, Fachet $ Ando 1977) in that immune 
response genes selectively affected the different classes of Ig 
produced in this response (Thomas et at. 1979).
4.2 H-2 molecules as self markers
That lymphocytes could recognise a self marker together with
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the infecting antigen was first proposed by Lawrence (1959). He 
considered the mechanism of immunity to infection to be simply a 
modification of the process by which mutant cells are recognised and 
destroyed in the body. When Zinkernagel and Doherty discovered 
antiviral H-2 restriction, they suggested that the Tc cell precursor 
recognises both H-2 molecules and viral antigens together on the 
infected cell membrane, or alternatively that the H-2 molecules were 
self markers antigenically altered in a specific way by each virus, so 
that the Tc cell reacted against modified self. It is still not clear 
which alternative is correct.
Zinkemagel and Doherty also proposed that H-2 restriction was not 
simply a requirement for identity between an effector T cell and its 
target. Rather, it was a method of eliminating aberrant or infected 
cells in the body whilst maintaining tolerance to normal healthy self.
They found that in virus-sensitised Fx hybrid mice, the immune Fx T 
cells, which bear H-2 antigens of both parental strains, are restricted 
to either one or the other parental H-2 type, but not to both (Zinkernagel 
§ Doherty 1974b). This result has been reproduced with cloned lines 
of influenza virus specific Tc cells: none of the clones of Fi origin
were cytotoxic on both parental targets (Braciale et dl. 1981b). Thus 
the hypothesis of a mutual interaction between H-2 antigens on inter­
acting cells was eliminated, and the antigen-presenting cell was 
defined as being a determinant of restriction.
Other evidence disproving that H-2 identity is required for H-2 
restriction has come from studies on T cell-macrophage interactions 
(Ishii et dl. 1981): unprimed Th cells, from which alloreactive cells
have been removed, are capable of responding to antigen presented on 
allogeneic macrophages, i.e. macrophages with a different H-2 haplotype
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from the T cells. H-2 matching is therefore not required for successful 
collaboration between T cells and macrophages, but rather, recognition 
of H-2 markers plus antigen is performed by the T cell only.
All the above experimental results can be grouped in terms of 
class I or class II restricted T cell effects. Class I-type H-2 
restriction occurs in situations where the foreign antigen (X) is 
presented together with class I antigens on cells throughout the 
body. The effector T cell recognises the self H-2 molecule and X, 
but it does not respond to X in association with non-self H-2, or 
self H-2 alone, or to Xalone on the cell surface (Forman $ Vitetta 
1976, Zinkernagel § Oldstone 1976, Kees et dl. 1978). The class II 
restricted responses invariably require Ia+ antigen-presenting 
cells such as cells of the monocyte/macrophage family, dendritic cells, 
Langethans cells and possibly B lymphocytes. Considered non-specific 
in their roles in immunity, these antigen-processing cells can exert 
fine control on immune T lymphocytes, firstly by their ability to 
present particulate antigens on their cell membranes appropriately 
for T cell recognition, and secondly by regulating the divisions and 
activation states of lymphocytes through their secretory products 
(Unanue 1981). Their capabilities as antigen-presenting cells for class 
II restricted responses, as well as their accessory function in 
producing lymphokines, are determined by whether or not they express 
la antigens (Yamashita § Shevach 1977, Cowing et dl. 1978, Beller et 
al. 1980, Beller £ Unanue 1980). Class II restricted T cells respond 
to X only in the context of la cell surface markers.
If one considers the immune system as having evolved to cope 
with infections, then the two different types of restriction placed 
on separate T cell functions seem logical in terms of the nature of
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infectious agents encountered in immunity (Zinkernagel 1978). Viruses 
are obligatory intracellular parasites which can infect a wide variety 
of cell types. In order to replicate, a virus particle (virion) 
must enter a cell and disassemble, thereby losing its infectivity 
for other cells. If the cell is destroyed before progeny virions 
appear, then the infection is eliminated. Class I antigens on infected 
cells act as targets for recognition by cytotoxic T cells. For 
activation these Tc cells must recognise viral antigens on the cell 
membrane in association with a cell surface marker. This requirement 
avoids the danger that if Tc cells could bind free virus particles 
or antigens, then their ability to destroy virus-infected cells might 
be blocked.
Replication is entirely different for other pathogens such as 
bacteria and fungi. They are not destroyed if the infected cell is 
lysed, but may be effectively controlled if they are rapidly phago- 
cytosed and digested by macrophages. T cells can respond to such 
particulate antigens presented on la-bearing cells by activating more 
macrophages to increase their bactericidal activity (Mackaness 1969, 
Blanden £ Langman 1972, Lane § Unanue 1972). The T cells may also 
collaborate with B cells in the production of specific antibody which 
can bind to the pathogen, facilitate phagocytosis, or neutralise 
toxins. The la antigens, which are necessary for those T cell functions, 
are markers for lymphomyeloid cell interaction during immune responses 
of this type and therefore need only be expressed by regulatory T 
cells, B cells and appropriate antigen-presenting cells. The immune 
system, nevertheless, is far more complex and comprehensive in its 
workings than this simplistic view would suggest; for example, as 
mentioned earlier, class I restricted Tc cells also participate in
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immunity to bacteria and other parasites.
4.3 Alloreactivity
On the above bases, the rejection of histoincompatible transplants 
would appear to be an unhappy side effect of immunity. Rejection occurs 
because both class I and class II histocompatibility antigens on the 
transplanted tissue can elicit T cell responses (e.g. Klein et al.
1974, Wagner et al. 1975, Cantor § Boyse 1975b, Dutton et al. 1975, 
Wettstein et al. 1978) in the absence of other antigens. This 
phenomenon is known as alloreactivity. It is characterised by the 
large proportion of T cells which can respond to a single H-2 haplotype 
(Dutton 1965, Nisbet et al. 1969, Skinner £ Marbrook 1976, Lindahl $ 
Wilson 1977, Miller et al. 1977), having a responder cell frequency of 
10-2 to 10-3 as compared with 10”5 for responders to antigens such 
as virus. This feature can be explained in terms of allogeneic H-2 
antigens inducing a large number of cross-reactive responses from T 
cells reactive to H-2 + X (Zaleski § Klein 1978, Dennert 1980) and is 
supported by the following experimental results:
3.1. H-2 T cell clones specific for dinitrophenyl ovalbumin (DNP-OVA) 
could be specifically restimulated by H-2 without antigen as well as 
H-2a + DNP-OVA (Sredni $ Schwartz 1980).
T_ J
2. An (H-2 x H-2 )Fi cloned cytotoxic T cell line specific for
d kH-2 + influenza A cross-reactively lysed H-2K -bearing cells (Braciale
et al. 1981a).
3. There are a number of examples of uncloned antigen-specific Tc 
cells which can also specifically lyse uninfected allogeneic targets
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(Bevan 1977b, Müllbacher § Blanden 1979, Finberg et al. 1978, MUllbacher 
$ Brenan 1980).
k b4. The neonatal induction of tolerance in CBA (H-2 ) mice to H-2
alloantigens will abrogate their ability to mount a cytotoxic response
k kto H-2 + H-Y antigen (MUllbacher 1981). In mice tolerant to H-2K ,
the immune response to H-2D + vaccinia virus is also suppressed (MUll­
bacher et al. 1983).
Such experiments suggest that alloreactivity is simply an example 
of the mechanism for H-2 restricted immune responsiveness to foreign 
antigens, i.e. responses to H-2 + X and to allo-H-2 are responses against 
an altered-self or different H-2 marker recognised by the T cell receptor.
4.4 Immune response genes
Immune response genes were first discovered to determine whether 
a given inbred strain of experimental animal would produce a high 
level of antibody, or very little, to a particular antigen (Benacerraf 
§ McDevitt 1972, McDevitt et dl. 1972). As mentioned earlier, Ir 
genes defined the I region of the H-2 complex (McDevitt $ Chinitz 1969), 
and it became apparent that the la antigens were equivalent to Ir 
gene products (Herzenberg £ Herzenberg 1974, McKenzie et al. 1981,
Klein et al. 1981). Class I H-2 genes can also control immune 
responsiveness for cytotoxic T cells (Shearer et al. 1975, Gordon 
et al. 1975, Gomard et al. 1977, Doherty et al. 1978, Kurrle et al.
1978, MUllbacher $ Blanden 1978). For example, only mice carrying the
kH-2D genotype can give a strong cytotoxic response to alphaviruses; 
all other mice are low responders (MUllbacher § Blanden 1978).
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Ir genes regulate the recognition by T cells of foreign antigens 
on the surfaces of antigen-presenting cells, thereby influencing 
both T and B cell responses. They can determine immune responsiveness 
indirectly at the level of Th or Ts cell activity, or directly through 
their control of Td or Tc effector cells.
Low immune responsiveness can be considered in one way as a gap
in the T cell repertoire. Experiments on the Ir gene control of
anti-vaccinia virus cytotoxicity (Müllbacher et dl. 1983) have indicated
that these gaps are not caused by a defect in antigen presentation, nor
by the lack of appropriately restricted anti-viral precursors. Mice
k bthat have been neonatally tolerised to H-2K cannot respond to H-2D + 
vaccinia. This result suggests that the mechanism of suppression 
of self-H-2 reactive T cells can also cross-reactively suppress H-2 
restricted anti-X Tc cells, thus creating low responder status for X 
in the mouse.
However, this does not seem to be the only mechanism by which Ir 
genes act. In the immune response to alphaviruses, small, less anti- 
genically complex viruses than vaccinia, Tc cell responses are mounted 
only in the context of D (MUllbacher § Blanden 1978). Nevertheless, 
stem cells of low responder genotype can give rise to responsive 
Tc cells if they differentiate in a high responder environment (Müll- 
bacher § Blanden 1979b). The most simple interpretation of this result 
is that with most K and D molecules, alphavirus antigens are not 
presented appropriately for T cell stimulation; only with H-2D can 
these antigens associate effectively.
4.5 Interaction between virus and H-2 molecules
The mechanism of interaction on the cell membrane between foreign
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antigens and H-2 molecules for immune T cell recognition is largely 
unknown. It is known, however, that the hapten trinitrophenol (TNP) 
binds covalently to the H-2 molecules, thus altering their antigenic 
appearance (Dennert 1980). Experiments on the interaction between 
viral antigens and MHC antigens have revealed little. Cocapping of 
H-2 molecules and viral antigens has been reported for mouse adenovirus 
(Inada $ Uetake 1980), thus suggesting that a physical juxtaposition of 
H-2 and X might occur on the cell membrane. Adenovirus and Semliki 
Forest virus can both bind to class I histocompatibility molecules 
(Signäs et dl. 1982, Helenius et dl. 1978), yet it seems unlikely that 
H-2 molecules are the specific cell surface receptors for these viruses 
(Oldstone etal. 1980). Other studies have shown that viral antigen 
and H-2 are molecularly quite distinct on the cell membrane (Fox § 
Weissman 1979); that chemically-modified H-2 molecules could not be 
found on infected cells does not rule out the possibility that allosteric 
changes to H-2 may be induced by infection (Monod et dl. 1965, Lancet 
et dl. 1977, Hogan et dl. 1979). These issues should be more easily 
resolved once the nature of the T cell receptor is fully understood.
4.6 The T cell antigen receptor
In an immune response the B cell receptor, immunoglobulin, must 
bind only the antigen in question; the T cell receptor must be capable 
of recognising self H-2 markers specifically in association with X. 
Experiments on class II restricted DTH responses have indicated that 
the T cell receptor does not react with self H-2 alone: Td cells
could be prevented from transferring DTH if they were preincubated 
in vitro with the hapten that elicited the DTH (Moorhead 1981, Thomas
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et dl. 1982). The T cell effector function appeared to be blocked by 
soluble antigen. In both reports however, contamination by antigen- 
presenting cells was minimised but not eliminated, and the possibility 
that the Td cells themselves were presenting the hapten was not 
considered. Certainly there is no evidence that class I restricted 
T cells can bind X alone, as discussed earlier.
Observations on the cytotoxic T cell response to virus infection 
have suggested that T cell antigen receptors are not as exquisitely 
specific for X as are antibodies. Antiviral Tc cells have shown 
complete cross-reactivity among serologically distinct strains of 
virus from a given group (Zweerink et at. 1977, Effros et dl. 1977, 
Müllbacher et dl. 1979, Peck et dl. 1979, Gajdosovä et dl. 1981,
Ruebush et dl. 1981).
In the influenza A system, which is the best studied example of 
this phenomenon, cross-reactive Tc cells were found by some investigators 
to react with the same molecular targets that antibodies do (Koszinowski 
et dl. 1980, Gerhard et dl. 1983), and by others to recognise completely 
different viral molecules (Braciale 1977, Virelizier et dl. 1977, Ada § 
Yap 1979, Yewdell et dl. 1981, U.R. Kees, personal communication 1983). 
Molecules such as the ribonucleoprotein are serologically identical 
within the group A strains of influenza. Cloned lines of anti­
influenza Tc cells have been shown to fall into three categories of 
viral recognition specificity (Braciale et dl. 1981b): (1) specific
for the immunising virus, (2) specific for viruses of the same subtype 
as the immunising virus, and (3) cross-reactive among the strain A 
influenzas. Nevertheless, these lines did not display variation in 
their specificity of restriction to the H-2 K or D region of the
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appropriate haplotype. Studies on a helper T cell monoclonal line 
specific for one influenza A subtype have revealed that the Th cell 
can distinguish small variations in the amino acid sequence of the 
recognised viral molecule (Gerhard et al. 1983, Hackett et al. 1983).
Yet while T cell receptors can be as exclusively specific for 
X as their immunoglobulin counterparts, they are even more acutely 
sensitive to the restricting histocompatibility molecule. Single 
mutations in the H-21f gene which are serologically undetectable, 
can readily be distinguished by Tc cells (McKenzie et al. 1977). Thus 
is remains clear that T cell receptors have different recognition 
capabilities from Ig.
A candidate molecule for the T cell antigen receptor has recently 
been identified. Independent research groups have isolated an 80-90 000 
molecular weight disulphide-bridged dimer made up of two dissimilar 
polypeptide chains (Allison et al. 1982, Meuer et al. 1983a,b,
Haskins et al. 1983). They all achieved this by the use of monoclonal 
antibodies, raised against cloned T cell lines, that reacted solely 
with the eliciting line. Allison and coworkers found similar but not 
identical cell surface components in extracts of all the T cell lines 
they tested, but not in extracts of bone marrow or B cells. Using 
a monoclonal antibody against a T cell hybridoma specific for chicken 
ovalbumin in association with I-A^, Haskins et al. were able to block 
an I-restricted antigen recognition. Meuer*s group used two human 
alloreactive cytotoxic T cell clones as their models; they showed that 
their clonotypic monoclonal antibodies could block target cell killing 
and antigen-specific proliferation uniquely for their respective 
eliciting clones. Moreover, they showed that this heterodimer was 
non-covalently associated with the T3 molecule, a human equivalent of
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a mouse Lyt antigen. T3 is expressed on all peripheral human T cells, 
appearing on thymocytes at the time of acquisition of immunocompetence 
(Reinherz et dl. 1980, Umiel et dl. 1982); antibodies directed against 
it can inhibit cytotoxicity and T cell proliferative responses to 
antigens, and be mitogenic for T cells (Reinherz et dl. 1982, Chang et dl. 
1981, Landegren et dl. 1982). In the mouse, antisera against Ly2 and 
Ly3, but not Lyl, can block T cell lysis of allogeneic targets or 
syngeneic tumours, and inhibit T cell proliferation in mixed lymphocyte 
culture (Nakayama et dl. 1979, Hollander et al. 1980, Nakayama et dl.
1980). It therefore seems possible that Ly2/3 molecules are associated 
with the murine T cell receptor.
5 RADIATION CHIMERAS
5.1 Chimeras in immunology
Radiation chimeras have been used extensively as experimental 
models in immunology since the discovery of H-2 restriction. Before 
then they had been developed for use in radiation sickness investigations 
and in bone marrow transplantation research. Their susceptibility 
to graft versus host (GvH) disease, which is mediated by T lymphocytes, 
was just one of the features that brought them into favour with cellular 
immunologists (von Boehmer et dl. 1975a, Sprent et dl. 1975); radiation 
chimeras quickly became established as a standard system for studying 
the relevance of the H-2 genotype of the T cell versus that of its 
host in determining tolerance and H-2 restricted T cell capabilities.
5.2 Establishment of chimerism
Chimeric mice are produced when the host mouse is given a lethal
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dose of ionising radiation, then is transfused with donor haemopoietic 
stem cells from bone marrow or foetal liver (Koller et dl. 1961). The 
establishment of chimerism is based on two main principles: firstly,
the immune response is suppressed by irradiation so that the stem cell 
graft is not rejected, and secondly, genetically foreign stem cells give 
rise to lymphocyte populations that become tolerant to the environment 
in which they mature.
5.2.1 Radiation effects on the immune system
Immunosuppression by irradiation is a consequence of the 
exquisite sensitivity of organised lymphoid tissue and recirculating 
small lymphocytes to irradiation as compared with other cell types. A 
significant depression of the absolute lymphocyte count can be found 
after whole-body exposure to doses as low as 25 r (Suter 1947) (1 rad 
is the dose of ionising radiation which results in the dissipation 
of 10"5 joules or 100 ergs per gram of tissue. One roentgen (r) is 
approximately 0.93 rads); necrosis of lymphoid tissue is evident less 
than one hour after lethal irradiation (Cronkite et at. 1974, Bari § 
Sorenson 1964, Jordan 1967), and within a few days the lymphoid tissues 
are almost devoid of lymphocytes.
The large amounts of energy absorbed by cells subjected to 
ionising radiation causes the breakdown of molecular structures, thus 
permitting secondary chemical reactions (Claus 1958). Irradiated 
cells undergo reproductive death when they lose their ability to divide 
in an unlimited fashion. Lymphocytes are unusual in that they can 
undergo interphase death, that is, small amounts of radiation can 
cause the immediate death of non-cycling lymphocytes (Schrek 1961).
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Interphase death is probably a consequence of damage to the cell 
membrane (Woodruff § Gesner 1968).
If a mouse is given a 100% lethal dose of irradiation, e.g.
900 rads, it will die in 7-14 days if it is not reconstituted. Death 
is a direct result of extreme leucopenia following haemopoietic tissue 
destruction. The irradiation dose needed to kill 50% of exposed 
mice (LD50) varies between about 550 and 750 rads, depending upon the 
inbred strain (Storer 1966).
As a general rule, the stroma of lymphoid tissue is much more 
radioresistant than lymphocytes (Trowell 1961, Maniatis et al. 1971). 
Irradiated granulocytes can still carry out phagocytosis (Smith et al. 
1963), but their bactericidal activity is reduced (Paul et al. 1968). 
Macrophages are also considered to be radioresistant (Bloom 1948,
Brecher et al. 1948) since their migratory activity and phagocytosis 
capabilities are unaffected (Gordon et al. 1955, Benacerraf 1960,
Geiger § Galilly 1974, Muramatsu et al. 1966). Indeed, radiation can 
increase macrophage biochemical activities such as the release of 
lymphocyte activating factors (Geiger et al. 1973), but it is 
questionable whether it can change the antigen-presentation capacity 
of macrophages.
Lymphocyte radiosensitivity can vary greatly among the different 
populations and according to their state of activation. On the whole, 
as compared with T cells, B cells are more sensitive to radiation 
(Nossal $ Pike 1973, Anderson et al. 1974, Kataoka § Sado 1975), undergo 
interphase death more rapidly (Anderson et al. 1974), and recover their 
numbers after reconstitution more slowly (Nossal $ Pike 1973). The 
early phases of the induction of antibody formation are quite radio­
sensitive (Taliafero § Taliafero 1951, Nossal 1967), but increased B
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cell radioresistance can be observed after their activation with 
various antigens (Schrek 1968, Pilarski § Cunningham 1975). Plasma 
cells continue to produce antibody even after lethal doses of 
irradiation (Dixon et al. 1952, Hale £ Stoner 1956, Sado et at. 1971) 
and the Ig molecules themselves are unaffected (Rosse et al. 1967).
Within the subpopulations of T cells there is also variability 
in radiation sensitivity, e.g., Ts cells are more radiosensitive than 
Th cells (Basten et at. 1975, Benacerraf et al. 1975, Eardley §
Sercarz 1977). About 8% of T cells show extreme radioresistance after 
lethal irradiation (Kataoka $ Sado 1975). Sprent and coworkers 
could collect viable T cells from mice 4 days after whole body exposure 
to 800 rads, but these cells were unable to proliferate when exposed 
to antigen (Sprent et al. 1974). However, as with B cells, if T cells 
are stimulated by antigen or mitogen before irradiation, they become 
less susceptible to interphase death (Conard 1969, Rickinson § Ilbery 
1971, Anderson et al. 1974, Sprent et al. 1974, Nichols et al. 1975) 
and can tolerate radiation to extremely high doses. This effect has 
been shown with Ts cells (McCullagh 1975), Th cells (Katz et al. 1970, 
Kettman $ Dutton 1971, Anderson et al. 1972), and Tc cells (Grant 
et al. 1972, Denham et al. 1970). The activation of lymphocytes may 
augment their ability to repair single strand scissions of DNA caused 
by irradiation (Hashimoto et al. 1975). Nevertheless, the activated 
lymphocytes which survive lethal irradiation doses are affected in 
their capacity to migrate or recirculate (Hamaoka et al. 1972, Anderson 
et al. 1974), so that their immunological effectiveness is limited.
5.2.2 Reconstitution by haemopoietic stem cells
After lethal irradiation of the host, chimerism is achieved by
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the intravenous injection of haemopoietic stem cells (Jacobson et al.
1951, Ford et at. 1956). Tissues known to be effective in reconstitution 
are adult bone marrow, spleen, and foetal liver. Foetal liver used 
between about 12-18 days of gestation does not contain any immuno­
competent cells. It does not induce graft versus host disease in 
irradiated hosts (Urso et al. 1959, Tyan et al. 1966), but it does 
restore full immunological capabilities. The stem cells differentiate 
into lymphocytes that become immunocompetent and tolerant to the host 
at the same time. There seems to be a particular stage early in 
lymphocyte differentiation where the immature cells are acutely 
sensitive to tolerance induction (Nossal § Pike 1975), thus permitting 
the construction of chimeras with semi- or fully-histoincompatible 
immune systems, i.e. semiallogeneic or allogeneic chimeras, without 
ensuing GvH disease. Bone marrow cells and, to a lesser extent, 
spleen cells are also effective reconstituents for irradiated mice 
provided mature T cells which may react against the host are removed 
before injection (von Boehmer et al. 1975a,b).
Reconstitution, therefore, is a consequence of the recolonisation 
of the host’s lymphoid tissues by the donor stem cells (Lindsley 
et al. 1955, Ford et al. 1956, Mitchison 1956, Vos et al. 1956,
Nowell et al. 1956). These cells "home” to bone marrow and spleen; 
proliferation occurs firstly in the bone marrow, then in the spleen and 
lymph nodes, and lastly in the thymus (Ford et al. 1957, Merwin §
Congdon 1957). In bone marrow, spleen and lymph nodes, within 5 days 
of irradiation, all the dividing cells are of donor origin (Micklem 
$ Loutit 1966). However, in the thymus there is a temporary repopulation 
by proliferating host cells (Gengozian et al. 1957, Micklem £ Loutit 
1966, Korngold et al. 1981). Donor cells appear in the thymus only
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about 18 days after injection, then gradually increase in numbers until 
there are no detectable host cells at about 30 days. These host 
thymocytes are capable of immune reactivity (Korngold et at, 1981). It 
is not known whether their disappearance is a consequence of cell 
death or of migration to another site in the body. Their influence 
on the immune capabilities of the donated lymphocytes is a matter ripe 
for speculation.
Once a state of chimerism is established, provided the dose of 
radiation was 100% lethal, the donor cells persist permanently (Gengozian 
§ Makinodan 1957, Welling et at. 1959, Barnes et at, 1960). Even if 
some host lymphocytes survive irradiation, the donor cells have been 
shown to display a substantial proliferative advantage over them 
(Micklem § Loutit 1966, p 108). They therefore remain the dominant 
population unless the host cells can mount a response against the 
histoincompatible transplant. Thus the dose of irradiation given to 
produce complete chimerism is highly critical.
5.3 Side effects of lethal irradiation
In achieving the maximum destruction of lymphocytes, mortality 
caused by irreparable damage to other rapidly dividing tissues must be 
avoided. The epithelium lining the gastrointestinal tract suffers 
injury at levels of radiation only just sufficient to destroy the 
immune response. Diarrhoea, weight loss and malnutrition can all be 
directly attributed to radiation-induced ulcers and lesions which form 
in the mouth and throughout the alimentary canal (Cronkite $ Bond 1956).
Radiation increases the permeability of other biological barriers 
such as skin and blood-tissue barrier. It can also decrease the serum
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levels of complement and properdin (Anderson § Warner 1976). Infections, 
even opportunistic ones by the mouse's own flora, are common when the 
mucous membranes have lost their physical integrity, and they cannot 
be eliminated in such an immunosuppressed state.
If the reconstituted host survives these insults in the first 
month post irradiation, then the other side effects of irradiation that 
it must cope with are less likely to be fatal. Documented long-term 
side effects include cataracts (Upton et at. 1953, Alter $ Leinfelder 
1953), sterility, skin damage, greying of fur and neurological damage 
(Cronkite § Bond 1956). It is therefore not surprising that chimeras 
generally have a shorter life span than normal mice of the same strain. 
Barnes et at. (1959) have found that chimeras live about two-thirds as 
long as their unirradiated siblings.
5.4 The radiation chimera as an experimental model
In a scientific world of precision experimentation, it is 
surprising that radiation chimeras have been used so extensively as 
models for research. Host mice, with all their complexities, are 
utilised as living test tubes in which foreign lymphoid systems can 
be cultured. The assumption that the host's own immune system no longer 
exists after irradiation is fundamental to the interpretation of 
experiments on chimeras, yet on the evidence described earlier in this 
section, this assumption is tenuous at best. Host accessory cells in 
the chimera are undoubtedly fully functional for many months after 
reconstitution (Longo § Schwartz 1980), and residual lymphocytes which 
survive irradiation (Pilarski £ Cunningham 1975, Gorczynski $ MacRae 
1977, Korngold et at. 1981) may affect the immune capabilities of the 
donor-derived cells during the earlier stages of reconstitution.
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The consistency of results obtained from experiments on radiation 
chimeras has never been absolute. Nevertheless, the patterns of 
findings emerging from this system have provided significant insights 
into the ontogeny of T cell function. For example, studies concerning 
the differentiation of H-2 restriction of T cells have established 
that maturing T cells must acquire a range of possible H-2 restrictions 
before they encounter antigen. T-B collaboration experiments performed 
on irradiated (A x B)Fi mice reconstituted with parental stem cells 
of both A and B H-2 type, i.e. A + B (A x B)Fi chimeras, showed that 
the chimeric T cells of one parental H-2 type could cooperate with both 
A and B type B cells in producing an antibody response (von Boehmer §
Sprent 1976). The H-2-incompatible lymphocytes had gained the ability 
to interact with one another. Similarly, A -> (A x B)FX chimeras, primed 
with an appropriate antigen X, could display cytotoxic activity against 
X-infected targets of both A and B H-2 type (Pfizenmaier et dl. 1976, 
Zinkernagel 1976).
This acquisition of restriction specificity is determined largely 
by the host H-2 type rather than that of the lymphoid cells. As 
demonstrated in (A x B)FX -* A chimeras: Fi chimeric cytotoxic T cells 
preferentially lyse antigen-bearing target cells of the host H-2 type 
(A) (Bevan 1977a, Billings et dl. 1978, von Boehmer et dl. 1978,
Zinkernagel et dl. 1978a, Blanden § Andrew 1979). Comparable results 
have also been found for T helper cells (Sprent 1978, Waldmann et dl.
1978, Kappler § Marrack 1978, Katz et dl. 1978). The degree of 
restriction to the non-host H-2 type varied among the reports, but 
was detectable in all systems except that used by Zinkernagel et dl.
(1978b). This finding of absolute restriction to host H-2 type can 
be explained simply by the nature of the targets used in their cytotoxicity
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assays: infected cell lines are less sensitive to lysis than targets
such as Concanavalin A blasts or peritoneal exudate macrophages 
(Blanden e t  d l . 1977).
Further attempts were made with chimeras to define the site of 
learning of restriction specificity as being the thymus: (A x B)Fi
T cells, that had matured in thymectomised, lethally irradiated (A x B)Fi 
hosts bearing thymus grafts of type A, showed only anti-(A + X) cyto­
toxicity. Yet T cells of type A, differentiating in an (A x B)F;l 
thymus, are restricted to both A and B (Bevan § Fink 1978, Zinkernagel 
1978). It would appear that the radioresistant part of the host thymus 
imposed restriction specificity on the maturing T cell.
However, contradictory results were found in experimental systems 
other than chimeras. Firstly, the existence of non-self restriction, 
antigen-specific T cells was demonstrated when alloreactive T cells were 
removed by acute -in v ivo depletion (Wilson e t  d l . 1977, Doherty §
Bennink 1979a). Secondly, when A strain athymic nude mice were grafted 
with (A x B)Fi thymuses, they generated functional anti-(A + X) but not 
anti-(B + X) T cells (Zinkernagel e t  d l . 1980), in contradiction to 
the chimeric experiments mentioned above. Thirdly, allogeneic chimeras 
A *> B contained T cells which were preferentially restricted to A + X, 
although some anti-(B + X) reactivity was detectable (Matzinger $ 
Mirkwood 1978, Wagner e t  d l . 1980a).
Such results fit better with the proposition that the thymus is 
less an instructional organ than a preferred site for the selection of 
cells tolerant to self H-2 (Blanden § Ada 1978, Wagner e t  d l . 1980a). 
Suppression in the secondary lymphoid tissues, which would be necessary 
to control any self-reactive cells that might escape the thymic screen, 
might also cross-reactively suppress the cells responsive to B + X 
(Blanden § Ada 1978, Smith § Miller 1980). Suppressor cells have not
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yet been identified in the (A x B)Fi A chimeras (Zinkernagel § Althage 
1979, Fink £ Bevan 1981), although some experiments suggest that 
suppression does exist at the level of induction of the immune response 
(Smith $ Miller 1980). Adequate experiments attempting to remove the 
suppression, as shown in rats (Dorsch § Roser 1982), have not yet been 
performed.
The confusion apparent in the interpretation of radiation chimera 
studies has emphasised the need for a more precise understanding of the 
immunobiology of this model. While immunologists recognise the importance 
of H-2 molecules in determining the presence or absence of tolerance, few 
have considered the possibility that their levels on lymphocytes might 
be modulated to maintain a state of tolerance in the host (Blanden et dl. 
1981). Implicit in such a hypothesis is the corollary that T cell 
responses restricted to the tolerant H-2 antigens will also be affected 
(O’Neill $ Blanden 1979).
The experiments to be presented in this thesis were designed to 
further investigate factors influencing the nature of T cell function in 
semiallogeneic radiation chimeras, to provide a reanalysis viewed in terms 
of the quantitative expression of H-2 antigens on chimeric lymphocytes. 
This investigation seeks firstly to reproduce the finding of reduced 
expression on spleen cells of P2-defined class I H-2 antigens in 
(Pi x P2)Fi -> Pi chimeras that displayed incomplete tolerance to non-host 
P2 H-2 antigens (Blanden et dl. 1981). Secondly, it attempts to identify 
a possible immunological mechanism producing the aberrant spleen cell 
H-2 phenotypes. Options addressed are: (i) selection of stable low P2- H 
expressing stem cells by radioresistant host anti-P2 activity; (ii) 
modulation by the thymus of P2 H-2 antigen levels, and (iii) anti-P2 
antibody masking or removing P2-'type H-2 antigenic determinants from the
5 5 .
cell membrane. Thirdly, it looks for associations between H-2 phenotype 
and T cell activity as assessed by (i) tolerance to parental H-2 
antigens, and (ii) preferences in antiviral Tc cell H-2 restriction 
patterns towards parental H-2 types. Finally, this study seeks to 
reappraise the role of the thymus in determining the recognition capa­
bilities of chimeric T cells, with respect to self tolerance and H-2 
restriction in antiviral immunity. It attempts experimentally to 
reconcile the conflicting and confusing information mentioned above on 
factors shaping the T cell receptor repertoire, that has been derived 
from thymus-grafted radiation chimeras and nude mice, thereby providing 
a more solid experimental basis for hypotheses on the differentiation of 
H-2-restricted T cell recognition capabilities.
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The major histocompatibility gene complex of the mouse (H
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2)
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1 MICE
The inbred strains of mice used in this study were bred and 
maintained conventionally at the John Curtin School of Medical Research. 
Donors of spleen cells and peritoneal exudate cells (PEC) were used 
between the ages of 6-16 weeks. The H-2 haplotypes of the mouse strains 
used are given in Table 2.1 (Klein et at. 1978).
2 ANTISERA
Anti-H-2 antisera, listed in Table 2.2, were a gift from Dr 
H.C. O ’Neill. They had been obtained from the N.I.H. Division of Allergy 
and Infectious Diseases, Bethesda, Maryland, U.S.A. These antisera 
are highly specific for private H-2 specificities, and were checked 
for specificity in the rosetting assay.
The sheep anti-mouse Ig (SAMIg) antiserum was a gift from Dr 
R.B. Ashman. It was the (NH4)2S04 precipitated globulin of serum from 
a sheep which had been immunised with purified mouse immunoglobulin in 
Freund’s complete adjuvant. The Ig concentration of this antiserum was
_ lapproximately 1 mg ml
Anti-Thy 1.2 antiserum was a monoclonal antibody produced by 
the hybridoma F7D5 and supplied by Olac Ltd., Blackthorn, Bicester,
Oxon., England.
3 TISSUE CULTURE MEDIUM
Eagle's minimum essential medium (MEM) was prepared by dissolving 
10 g of powdered medium (catalogue no. 410-1500, Grand Island 
Biological Company, Grand Island, New York) in one litre of double
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distilled deionised water containing 42 ml of 5% NaHC03, 100 yg-1 penicillin, 
100 yg-1 streptomycin and 100 yl"1 neomycin. It was sterilised by 
filtration through a 0.22 ym membrane (Millipore Corporation) and 
was stored for less than three weeks.
_ 4
For 5-day cultures, MEM was supplemented with 10 2-Mercapto- 
ethanol (2-ME) and 10% foetal calf serum (FCS, Flow Laboratories,
Stanmore, Australia) which had been heat-inactivated at 56°C for 
30 minutes. It other procedures MEM was supplemented only with 5%
FCS, unless otherwise indicated.
4 CHIMERAS
4.1 (Pi x P2)Fr* Pi* chimeras:
Host mice at 8-12 weeks of age were given a lethal radiation dose 
of 950 rads at 67.9 rad min-1 from a (’°Co source. Within 24 hours of 
irradiation, the hosts were reconstituted with an intravenous injection 
of 4 x 107 liver cells from 15-16 day foetuses (Barnes et oil. 1958, 
Uphoff 1958, Clarke et at. 1962). For those chimeras reconstituted 
with bone marrow stem cells instead of foetal liver cells, the bone 
marrow was first incubated with anti-Thy 1.2 antiserum for 30 minutes 
on ice, then with complement (Low-Tox-M rabbit complement, Cedarlane 
Laboratories Ltd., Hornby, Ontario, Canada) for 30 minutes at 37°C, 
before being injected into the recipients.
*Pi is used throughout this thesis to denote the irradiated host, and 
(Pi x P2)Fi is used to denote Fi hybrids regardless of whether Pi or 
P2 were maternal parents in Fi breeding.
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Chimeras were given antibiotics (Kanatet soluble powder, Bristol- 
Myers Company, Pty. Ltd., Crows Nest, N.S.W., Australia) in their 
drinking water at the concentration of 6.4 g l“1 *, and were maintained 
for at least 8 weeks before being used experimentally.
4.2 Thymus grafted chimeras
6-7 week old mice were anaesthetised with Penthrane (pentobarbital 
inhalant) and thymectomised by the suction method (Miller 1960). 2-6
weeks later, they were lethally irradiated as described above, and 
reconstituted within 4-24 hours by the intravenous injection of 4 x 107 
15 day foetal liver cells. Immediately after reconstitution, these 
chimeras were anaesthetised with avertin (0.013 ml g-1 intraperitoneally), 
then grafted under the left kidney capsule with 2-4 thymic lobes 
from 15 day foetal donors (Miller et oil. 1966). Grafts were judged 
to have been successful if they appeared healthy macroscopically at 
the time the mouse was sacrificed, and histologically (Figure 2.1).
In trials where thymus lobes were transplanted into syngeneic
recipients, >90% of the grafts were accepted and maintained in a 
healthy condition. Chimeras were maintained for a minimum of 9 weeks 
post reconstitution as above.
5 SKIN GRAFTING
Mice were anaesthetised with Nembutal (pentobarbital, 60 mg ml-1)
intraperitoneally at 10"3 *5ml g-1 body weight, then grafted with tail 
skin by the method of Billingham $ Medawar (1951). Donors and recipients 
were always of the same sex. Dressings were removed 6 days after 
grafting, and the grafts were examined daily thereafter for rejection
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or acceptance. Rejection time was determined by total graft necrosis.
6 ROSETTING ASSAY
This method, as described by Parish § McKenzie (1978), was 
used to detect the binding of anti-H-2 antisera to spleen cells.
6.1 SAMIg-coated sheep erythrocytes
After sheep erythrocytes (SRBC) had been washed 4 times in normal 
saline, 0.25 ml of packed cells were suspended in 4.0 ml normal saline 
at room temperature. 35 yl SAMIg was coupled to these SRBC with 
0.2 ml of a 0.1% CrCl3 solution. The reaction was stopped after 
5 minutes by the addition of 5 ml ice-cold PBS, then the coupled 
cells were washed gently and resuspended in cold MEM + 5% FCS to make 
a 2% SRBC suspension.
6.2 Preparation of spleen cells
Single-cell suspensions were produced by pressing spleen fragments 
through stainless steel sieves into medium. The red cells were lysed 
with a Tris-NHi+Cl solution; remaining cells were washed 4 times and 
resuspended at 1 x 107 cells ml-1 in MEM + 5% FCS.
6.3 Capping of surface Ig on lymphocytes
40 yl SAMIg was added to 107 cells in 1 ml medium, and incubated 
at 37°C for 75 minutes. All subsequent procedures were performed on 
ice or at 4°C. Cells were washed twice with medium and resuspended 
at 5 x 106 cells ml-1.
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6.4 Formation of rosettes
10 yl of Ig-capped spleen cells were added to each 10 yl of 
appropriately diluted anti-H-2 antisera in 96-well round-bottomed 
microtitre plates, and incubated 30-45 minutes. Cells were 
washed 3 times with medium, then 35 yl of a 1% suspension of SAMIg- 
coupled SRBC in medium was added to each well and sedimented with the 
spleen cells to encourage rosette formation. Rosettes were kept on 
ice for at least 30 minutes before the lymphocytes were stained with 
methyl violet in order to count the percentage of rosette-forming 
cells (RFC). Results are given as the reciprocal dilution of anti-H-2 
antiserum at which the proportion of rosette-forming cells reached 50% 
of the maximum value. Control wells, into which medium was added instead 
of diluted anti-H-2 antisera, always scored <5% RFC and therefore 
have been omitted from the results for clarity.
7 ALLOREACTIVE CELL-MEDIATED CYTOTOXICITY
7.1 In vitro stimulation
Single-cell suspensions of stimulator spleen cells were given 
2000 rads of irradiation by a 6°Co source at the rate of 570 rad min-1. 
Spleen cell responders (2 x 106 cells ml-1) and irradiated stimulators 
(5 x 105 cells ml-1) were cultured for 5 days at 37°C in MEM supplemented 
with 10% FCS and 10~4M 2-ME in an atmosphere of 10% C02 7% 02 in N2.
7.2 Preparation of PEC targets
Peritoneal exudate cells were collected and prepared in MEM +
10% FCS as described (Zinkernagel $ Doherty 1975), then aliquoted into
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96-well flat-bottomed tissue culture microtitre plates at 105 cells 
well-1. The plates were incubated overnight at 37°C. Adherent cells 
were washed 3 times, labelled with 3 yCi per well of 51Cr for one hour 
at 37°C, then washed again.
7.3 51Cr release assay
This method has been described in detail elsewhere (Blanden et dl. 
1976). Cultures of alloreactive responders were harvested and added 
to labelled PECs at defined killer:target (K:T) ratios at 37°C for 16 
hours. Percent specific lysis was determined from triplicates and 
data given have had the spontaneous release subtracted. As standard 
errors of the means (SEM) were < ± 4%, they have been omitted for 
clarity.
8 ANTIVIRAL CYTOTOXICITY
8.1 Virus stocks
Two strains of ectromelia virus (Fenner 1949) were used to test 
antiviral cytotoxicity. Both the attenuated (Hampstead egg) and 
virulent (Moscow) strains of virus had been obtained from infected 
chorioallantoic membranes of 14-day-old chick embryos (Gardner et dl. 
1974), were stored in small portions at -70°C, and were disaggregated 
by ultrasonic treatment for 10 seconds before use. Both virus strains 
were titrated on L929 cells by the standard method (Blanden 1970).
8.2 Immunisation
Responder mice were immunised i.v. with 105 PFU Hampstead egg 
strain two weeks before their spleens were taken for culture.
8.3 Secondary in vitro anti-ectromelia response
Stimulator spleen cells were given 2000 rad irradiation as 
above, then infected with Moscow strain ectromelia at 2 PFU cell-1 
for 60 minutes at 37°C. The cells were then washed 3 times in medium 
and added to responder spleen cells (2 x 105 cells ml'1) at a stimulator 
responder (S:R) ratio of 1:10 in MEM, supplemented with 10% FCS and 
10 4M 2-ME. The cultures were incubated at 39°C for 5 days (Blanden 
et dl. 1977).
8.4 51Cr release assay
The medium used throughout this assay was warm MEM with 10% FCS 
added. PEC targets were prepared as described above, adhered to 
microtitre plates overnight, and labelled with 51Cr for one hour.
After being washed, half the wells were infected with 20 yl of Moscow 
strain virus, diluted in medium, at a multiplicity of infection of 
4 PFU cell'1; the other half were treated with medium only. The virus 
was left to adsorb to the cells for one hour, then the cells were 
washed, left for 3 hours, and washed 3 times more (Blanden et dl.
1976). Cultured cytotoxic cells were then incubated with the targets 
for 6 hours at 37°C, supernatants and cells were harvested and the 
release of 51Cr counted. Specific lysis was determined as described 
elsewhere (Blanden et dl. 1976), and as above, the data given are the 
means of triplicates which have had the spontaneous release subtracted. 
SEM's were always <5% (not given).
T able  2.1
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Table 2.2
N.I.H. Leucocyte Typing Sera
Specificity Code PoolNo.
Kk (129 x A.TL) anti A.AL Zl-4-07-01-01 FD 188
Kd Anti IA.11,16 (BIO x A) anti B10.D2 Yl-8-03-29-01 FD 193
Kb Anti IA.9,20 (A x B10.D2) anti (BIO.A 5R) Yl-8-03-29-02 FD 193
Dk D-32 Zl-3-10-01-02 FD 166
Dd (B10.AKM x A .SW) anti A.TH Y1 -8-03-29-04 FD 193
Db D-2 Zl-3-10-01-01 FD 166
Figure 2.1
Histological section of a healthy thymus graft 4 months after it 
was implanted under the renal capsule
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CHAPTER 3
EFFECTS OF SKIN GRAFTING AND HOST H-2 PHENOTYPE 
ON ABERRANT H-2 ANTIGEN EXPRESSION OF SPLEEN CELLS
FROM SEMIALLOGENEIC RADIATION CHIMERAS
3.1 Introduction
The usefulness of radiation chimeras as experimental models in 
the study of T cell function in vivo has been discussed in Chapter 1. 
Semiallogeneic chimeras of the type (Parent 1 x Parent 2)FX -> Parent 1 
(i.e. Fi -> Pi) have been of particular interest in research on the 
ontogeny of H-2 restricted Tc cell responses to viruses, minor histo­
compatibility antigens and haptens. They have provided a significant 
body of information about the effects of the host environment on the 
differentiating stem cells, and the influence of the host H-2 phenotype 
on the repertoire of H-2 restricted Tc cell responses. Nevertheless, 
the complexity of such in vivo experimental systems presents difficulties 
in the interpretation of results and has highlighted the need for more 
basic information about the immunobiology of radiation chimeras.
Fundamental to the development of H-2 restricted responses is 
the presence of self H-2 antigens during T cell differentiation, and 
the consequent establishment of a state of non-reactivity to self. It 
was therefore a surprising observation that some Fi -* Px chimeras 
showed incomplete tolerance to "self" P2 type H-2 antigens. They were 
found to be capable of rejecting skin grafts from P2 strain donors 
(Blanden et at. 1981), and their spleen cells could develop a specific 
cytotoxic response against P2 target cells after stimulation with P2 
antigens in vitro (Ashman et at. 1982).
The H-2 antigen phenotypes of the spleen cells from these P2 
reactive chimeras were also shown to be very different from those of 
normal (Px x P2)FX hybrid mice. Even though all types of variation 
in the levels of the class I H-2 antigens were reported (O'Neill et at. 
1983), many of the chimeras expressed reduced levels of P2 type antigens
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on their spleen cells when tested with anti-H-2 K and D antisera and 
complement, or with a sensitive rosetting assay (Blanden et dl. 1981). 
Nevertheless, chromosomal marker studies revealed that the lymphomyeloid 
system of chimeras with such aberrant H-2 phenotypes was >90% of 
Fi origin (Ashman et at. 1982, O’Neill et al. 1983).
Because these chimeras were selected for study on the basis of 
their ability to reject P2 skin grafts, in this report an attempt is made 
to assess the effect on H-2 antigen expression of the antigenic stimulus 
provided by skin grafting. This chapter also provides information on 
the stability of aberrant H-2 phenotypes with respect to the age of the 
chimera and the possible persistence of low P2 expression in secondary 
Fi hosts that were reconstituted with cells from aberrant Fi -> Px 
chimeras.
3.2 Materials and methods
These were described in Chapter 2.
3.3 Results
3.3.1 H-2 antigen expression in normal Fj hybrid mice
The spleen cells from several batches of Fi hybrid mice were tested 
by the rosetting technique for variability in their expression of H-2K 
and H-2D antigens. Within any one experiment, individual Fi mice did 
not differ in the rosetting endpoints by more than 2-fold from each 
other, regardless of the age or sex of the animals (Tables 3.1, 3.2). 
Maximum endpoint differences of up to 2-fold among ¥1 mice of the same 
genotype are consistent with other data using both the rosetting
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technique (H.C. O'Neill, unpublished results) and a quantitative radio­
immunoassay (O'Neill $ McKenzie 1980). Differences of this size are 
largely a consequence of experimental variation, as indicated in Table 3.3 
where samples of spleen cells from a single (BALB/c x CBA)Fx mouse were 
assayed in the same experiment. Fluctuations in the endpoint titres 
between experiments is due mainly to the variable efficiency of the CrCl3 
coupling reaction in different preparations of SAMIg-SRBC.
In all subsequent antigen typing experiments performed by 
rosetting in this thesis, normal (Pi x P2)Fx spleen cells were used as 
the standard control unless otherwise indicated.
3.3.2 Effect of parental skin grafts on H-2 antigen expression of
Fx spleen cells
A number of adult Fi mice were grafted over the thorax with tail- 
skin from parental strain donors. All of the grafts were accepted and 
maintained in a healthy state to the time the recipients were sacrificed 
some 4-8 months after grafting. The spleen cells from these Fx mice were 
then rosetted and their H-2 antigen expression compared with that of 
ungrafted syngeneic Fx mice (Table 3.4). With the following exceptions, 
none of the grafted mice showed altered levels of H-2 antigens: Two of
the (CBA x B6)Fx mice grafted with CBA skin showed significant decreases 
in H-2K antigen levels. However, the number of mice tested was too 
small for the frequency of aberrant phenotypes in such skin-grafted Fx 
hybrids to be considered significant by 412 analysis (p = 0.066). No 
variability was found at all in the Fx recipients of B6 grafts.
3.3.3 H-2 phenotypes of Fx -> Px chimeras at various times after
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reconstitution
Aberrant H-2 phenotypes have been found in only a small proportion 
of Fi -* Pi chimeras. It is possible that fluctuations in H-2 antigen 
expression might occur only on a temporary basis in the chimera. Therefore 
in an attempt to assess the persistence of altered H-2K and H-2D antigen 
levels on chimeric lymphocytes, three different groups of chimeras were 
typed at different times after reconstitution (Table 3.5). Significant 
reductions in both K and D region coded P2 antigens were found on at 
least one chimera in every group. Three months after their half-spleens 
had been rosetted, five of the (BALB/c x B6)F;l -+ B6 chimeras in Group I 
Table 3.5 were typed for H-2^ antigen expression on a fluorescence- 
activated cell sorter. The levels of H-2^ antigens on Chimera 10, which 
had been shown to be reduced in the rosetting assay, were found to be 
no higher than the B6 negative controls, whereas the other chimeras 
expressed the same amounts of H-2^ as the (BALB/c x B6)Fi controls 
(C.E. Woodhams § R.V. Blanden, unpublished data). None of these chimeras 
had been skin-grafted, except for chimeras A and B in experiment 5.
These two (B6 x BALB/c)Fi -* B6 chimeras had shown intolerance to P2 
histocompatibility antigens by twice rejecting BALB/c skin in an accelerated 
fashion prior to being typed by rosetting. Because aberrations in H-2 
antigen expression were found in ungrafted chimeras, skin grafting cannot 
be considered a necessary condition for the occurrence of altered H-2 
phenotypes. But the possibility that it may promote such aberrations 
cannot be discounted in the light of aberration frequencies found in Table 
3.4 and Table 3.5 Group II. Larger test samples than shown here would 
need to be typed to assess this possibility further. It would also be 
preferable to know the spleen cell H-2 phenotypes of the Fx hybrids before 
they were skin-grafted as well as after grafting.
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3.3.4 Investigation of immunological mechanisms influencing the H-2
phenotype of Fx -> Px chimeras
The experiment in Table 3.6 was designed to test the hypothesis 
that decreased expression of P2 H-2 antigens on spleen cells of Fx -> Px 
chimeras resulted from immunological selection of the Fx pluripotential 
stem cells used for reconstitution within the environment of the irradiated 
P 1 host. There are three essential elements in this hypothesis, all of 
which have experimental precedent: firstly, that some T and/or B
lymphocytes of the Pi host can survive 950 rad and respond to foreign 
H-2 antigens (Gorczynski § MacRae 1977,Pilarski § Cunningham 1975); 
secondly, that individual pluripotential (Pi x P2)Fi stem cells differ 
in their quantitative regulation of H-2 antigen expression on the cell 
surface and some express low amounts of P2 H-2 (Rajan 1977); and thirdly, 
that such stem cells "breed true" to produce progeny lymphomyeloid 
cells that retain the phenotype of the stem cell (Rajan 1977). Thus 
the immunological environment of the irradiated Px host could favour 
selective survival and proliferation of low P2 H-2 expressing Fi stem 
cells, the progeny of which would repopulate the spleen and other 
lymphomyeloid tissues.
To investigate this hypothesis, bone marrow cells from the two 
(BALB/c x B6)Fi -> B6 chimeras in Table 3.5 experiment 5, that exhibited 
reduced expression of BALB/c (H-2^) antigens on their spleen cells, were 
used to reconstitute 950 rad irradiated (BALB/c x B6)F! mice (Figure 3.1). 
According to the hypothesis outlined above, stem cells in these bone 
marrow populations should have been under potentially continuous 
immunological selection in the original B6 hosts, thus producing the 
low expression of H-2^ antigens observed on their spleen cell populations.
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However, the spleen cells of all the secondary Fi hosts were similar 
to Fx controls when typed for H-2 expression at 10-12 weeks after 
reconstitution (Table 3.6).
These results argue against the hypothesis that continuous 
in vivo immunological anti-P2 selection favours the emergence of stable 
low P2 H-2 expressing (Px x P2)Fi hybrid stem cells that give rise to low 
P2 progeny splenocytes. Rather, they indicate that for low P2 expression 
to be maintained on differentiated spleen cells there must be a 
continued anti-P2 selection pressure.
Mortality data (Table 3.7) of the secondary Fx hosts are pertinent 
to the idea that anti-P2 immunological activity was present in some 
cells of the bone marrow population from the primary Fi -> Pi chimeras. 
Firstly, some of the reconstituted Fx mice, given 3 x 10G bone marrow 
cells from chimera A, died within one week after reconstitution, whereas 
deaths caused by inadequate reconstitution of lethally irradiated mice 
usually occur in the second week. Secondly, all 16 Fx mice given 3 x 106 
bone marrow cells from chimera A died, compared with only 1 in 8 mice 
given 1 x 105 bone marrow cells. These results suggest that death was 
caused by an adverse factor in the marrow, rather than inadequate 
reconstitution. Death was apparently not solely T cell-mediated because 
anti-Thy 1.2 and complement treated marrow cells were as lethal as 
untreated marrow. It is also of interest that 3 x 106 bone marrow cells 
of Chimera B were not lethal to 950 rad irradiated Fx recipients in 
contrast to the lethal effects of marrow from Chimera A, and Chimera B 
had higher levels of P2 (BALB/c) H-2^ antigens on its spleen cells than 
Chimera A, thus raising the possibility that anti-P2 activity was the 
cause of both phenomena. However, it is obvious that many examples of 
such aberrant chimeras would need to be analysed before any firm
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conclusion is drawn.
3.3.5 Immunisation of chimeras with P2 spleen cells does not break
tolerance to P2
The ability of P2 skin grafts to elicit anti-P2 responses in 
Fi -* Pi chimeras (Ashman et dl. 1982) indicates that the fragile state 
of chimeric tolerance to non-host parental antigens might readily be 
overcome by a single priming immunisation with P2 antigens, without the 
need for the protracted exposure provided by skin grafting. Therefore, 
(CBA x B6)Fi -> CBA chimeras were inoculated subcutaneously over the thorax 
with irradiated (2000 rads) B6 spleen cells. Three weeks later the 
chimeras were sacrificed and their spleens were boosted in culture with 
irradiated B6 splenocyte stimulators for 5 days before being assayed 
for cytotoxic activity against B6 targets (Table 3.8). The chimeric 
cells gave no lytic response that was specific for B6 H-2 class I 
antigens.
3.4 Discussion
The quantitative expression of H-2 antigens on cells throughout 
the body is known to vary considerably. For example, H-2 antigen levels 
increase during embryonic development and after birth, there is variation 
during different phases of the cell cycle, from one tissue to another, 
and between separate cell classes arising from common precursors (Klein 
1975). There are also differences between cells of the same class 
depending upon intrinsic genetic effects (O'Neill § McKenzie 1980), 
extrinsic factors (Vignaux $ Gresser 1977), or viral infection 
(Koszinowski § Ertl 1975, Rajer-Zisman et dl. 1981). Yet little is
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known about the mechanisms regulating the synthesis and cell surface 
expression of H-2 coded molecules.
The proposition that H-2 antigen levels on a cell membrane 
may be decreased by immunological means to avoid rejection is not a 
new one (Boyse et at. 1967), and there have been several reports of 
alloantibody-induced H-2 modulation in vitro (Takahashi 1971, Lengerovd 
et at. 1972, Schlesinger § Chaouat 1972, Rajan 1977). Cells which express 
reduced levels of class I H-2 antigens are less effective in stimulating 
a mixed lymphocyte reaction and are less sensitive to H-2 restricted 
or alloreactive cytotoxicity in vitro (O'Neill § Blanden 1979, N.J.C.
King, personal communication). Therefore, if anti-P2 reactive cells 
are present in an Fi -> Pi chimera, a decrease in P2 H-2 antigens on 
lymphoreticular cells which express high levels of H-2 antigens might 
help them to avoid immunological destruction. Reactivity against P2 is 
detectable in Fi -> Px chimeras: it has been demonstrated in vivo by the 
rejection of P2 skin grafts (Boyse et at. 1970, Blanden et at. 1981,
Ashman et at. 1982). Chimeric spleen cells may also have reduced levels 
of P2 type H-2 antigens; when tolerance to P2 has been broken by the 
rejection of P2 grafts, in some chimeras this aberrant H-2 phenotype is 
present (Blanden et at. 1981) and in others it is absent (Ashman $
Gallagher 1983). The skin graft alone does not appear to cause modulations 
in H-2 antigen expression since (Px x P2)Fi hybrid mice which tolerated 
parental skin grafts did not show decreased levels of the same H-2 antigenic 
type as the graft (Table 3.4). Also, aberrant H-2 phenotypes could be 
found in chimeras which had not been skin-grafted (Table 3.5).
A surprising observation, however, was that two of the (CBA x B6)Fx
k bmice bearing CBA (H-2 ) skin grafts showed reduced levels of K antigen
on their spleen cells (Table 3.4). If indeed H-2 antigens can be
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modulated in an animal to reduce the chance of stimulating an immune 
response, then lower levels of B6 (H-2 ) antigens in the (CBA x B6)Fi 
host would help avoid any graft-versus-host reaction which might be 
mounted by passenger CBA lymphocytes (Snell 1957, Steinmuller 1967, 1981, 
Streilein £ Billingham 1970) from the skin graft. This postulate could 
be tested by analysing the H-2 antigen expression of V1 hybrids which 
had been inoculated with tiny doses of parental lymphocytes. An 
alternative explanation, however, is that the Fx hosts expressed 
aberrant H-2 phenotypes before they received skin grafts. In order to 
assess this second possibility, spleen cells from the Fi hosts would 
need to be typed both before and after skin grafting. The modulation 
of Pi H-2 antigens on the cell membrane was not examined further in this 
chapter.
In considering the reduced expression of P2 H-2 antigens in 
Fi -> Px chimeras relative to normal Fi controls, a test was devised for 
the hypothesis that this phenomenon depended upon immunological selection 
of H-2-variant pluripotential lymphomyeloid stem cells. H-2 incompatibil­
ities between stem cells and recipients have for many years been associated 
with reduced efficiency reconstitution in radiation chimeras (Cudkowicz 
5 Stimpfling 1964). Studies on the colony-forming performance of bone 
marrow cells have shown that the growth of stem cells is inhibited when 
they are transferred into a non-syngeneic irradiated host, and this 
inhibition is increased with increasing H-2 disparity between the bone 
marrow cells and the recipient (Lengerovä et dl. 1973). Thus low levels 
of P2 antigens on stem cells would favour their selective survival in 
Pi hosts. The hypothesis was based on three assumptions: first that
some functional T and/or B lymphocytes survive within 950 rad irradiated 
Pi hosts (Gorczynski § MacRael977, Pilarski & Cunningham 1975), and
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respond against P2 antigens of the Fi cells used for reconstitution; 
second, that variant individual pluripotential stem cells exist in 
(Pi x P2)Fi populations, including some expressing low amounts of P2 
H-2 antigens; third, that such stem cells produce progeny lymphomyeloid 
cells that retain the low P2 H-2 phenotype.
In support of this last assumption is the observation that 
aberrant H-2 phenotypes could be detected in chimeras at various times 
after reconstitution (Table 3.5). They are not age-dependent, but seem 
rather to be established as the host is repopulated with donor cells, 
and possibly persist for the lifetime of the chimera.
An experimental test of the third assumption above has indicated 
that stem cells with the stable property of producing low H-2 expressing 
progeny lymphomyeloid cell populations do not exist. Stem cells from 
the two (BALB/c x B6)Fi -> B6 chimeras, whose spleen cells displayed very 
low amounts of H-2^ antigens (Table 3.5), should have been under potentially 
continuous selection by anti-K^/D^ T cells or antibodies, thus favouring 
selective survival of those cells displaying low amounts of H-2^ antigens. 
However, when these stem cells were used to reconstitute 950 rad irradi­
ated (Pi x P2)Fi recipients, none of the 15 recipients tested 10-12 weeks 
later differed significantly from normal Fi controls in terms of H-2 
expression on spleen cells (Table 3.6). These results suggest that 
stable low P2 H-2 expressing stem cells that "breed true" are not the 
explanation for the low P2 class I antigen levels on spleen cells of 
(Pi x P2)Fi -> Pi chimeras.
Bone marrow stem cells express H-2 antigens at considerably 
lower levels than differentiated lymphocytes of the secondary lymphoid 
tissues (Klein 1975). Cells of the T lineage do not become high 
expressors of H-2K and D antigens until they have matured in the thymus
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and are about to migrate out to the peripheral lymphoid organs 
(Scollay 1982). It is therefore possible that selection of lymphoid 
populations for low expression of P2 antigens occurs not at the stem 
cell stage but only after maximum levels of H-2 antigens on the cell 
membrane have been achieved. This proposition will be considered further 
in chapter 4.
Data presented in Table 3.7 provides further evidence that Pi 
anti-P2 immunological activity may be present in (Px x P2)Fi -»- Pi 
chimeras, and that such activity may produce apparent low expression of 
P2 H-2 antigens in these animals. 950 rad irradiated (BALB/x x B6)Fi 
hybrids died within one week after inoculation of 3 x 106 bone marrow 
cells from (BALB/c x B6)Fi -* B6 chimeras, whereas recipients of 1 x 105 
cells from the same bone marrow survived. Since lethally irradiated mice 
that are inadequately reconstituted usually die in the second week after 
irradiation, this data suggests that some factor in the chimera bone 
marrow caused the early death of Fi recipients, provided a large enough 
dose was injected. Possibly this factor was B6 anti-BALB/c immunological 
activity, but it was not mediated by T cells alone since anti-Thy 1.2 
and complement treatment of the bone marrow inoculum before transfer into 
the irradiated recipients did not alter the lethality of the marrow.
These data can be interpreted in two alternative ways. Firstly, 
Pi anti-P2 immunological activity in 950 rad irradiated Pi hosts can cause 
diminished survival and/or diminished proliferation of lymphomyeloid 
precursors from (Pi x P2)Fi donors, which in turn leads to inadequate 
reconstitution of the lymphomyeloid system and death of the hosts. If 
the animals survive, reduced levels of P2 H-2 antigens are detectable on 
their spleen cells. It seems possible that some T and/or, more likely,
B cells might survive lethal irradiation, albeit in very small numbers,
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and contribute persisting anti-P2 responses.
Alternatively, the growth of a low P2 expressing lymphomyeloid 
system in an Fi -* Pi chimera, favoured by non-immunological pressures 
in the Pi host environment or temporary presence of Pi anti-P2 alloreact- 
ive host lymphocytes after irradiation, should require less comprehensive 
suppression of self P2 reactive lymphocytes than in chimeras with normal 
Fi H-2 phenotypes. A P2 skin graft might then overcome this fragile 
state of tolerance to P2 by stimulating small numbers of Fi anti-P2 
B and T cells to proliferate. Bone marrow from these intolerant chimeras 
which contained P2 reactive B cells, would mount a response against P2 
in the secondary Fi host, thereby causing the animal’s death. In 
recipients receiving lower doses of bone marrow, P2 reactive B cells 
would be diluted out and the normal pluripotential Fi stem cells could 
then repopulate a syngeneic host environment.
In an attempt to assess the extent of suppression of anti-P2 
cells, (CBA x B6)Fi -> CBA chimeras were given immunising doses of B6 
spleen cells instead of being grafted with B6 skin. Tolerance, as 
indicated by anti-B6 cytotoxicity in vitro, was not broken (Table 3.8). 
The number of P2 reactive lymphocytes in these chimeras must therefore 
be small, since in order to mount a response, either they require the 
antigenic challenge to be maintained over an extended period of time, 
as in skin grafting (Ashman et dl. 1982) , or the concentrations of H-2 
antigens on the inoculated spleen cells were not adequate to stimulate 
host anti-P2 T cells. Skin tissue contains Langerhans cells and other 
indeterminate dendritic cells (Thorbecke et at. 1980) which express 
much higher levels of both class I and class II (Rowden et at. 1977, 
Klareskog et at. 1977, Rowden 1980, Nussenzweig et at.1981) histo­
compatibility antigens than spleen cells. There is considerable evidence
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to suggest that dendritic-type cells of the skin are largely responsible 
for stimulation of the host-versus-graft reaction (Stingl et at. 1978, 
Streilein et at. 1979, Steinmuller 1980) by contact with cells of the 
local lymph node draining the graft (Barker $ Billingham 1968, Tilney 
§ Gowans. 1971, Dorsch et at. 1983). Therefore, spleen cells in the 
preparation used for immunisation may have expressed B6 H-2 antigens 
at cell surface densities insufficient to overcome suppression of 
anti-B6 immune cells; inoculation with dendritic cells would consequently 
seem a more appropriate method of attempting to break tolerance to 
parental H-2 in the chimera.
Interest in the immunology of (Pi x P2)Fi -* Pi chimeras hinges 
on reports that H-2 restricted Tc cell responses in such chimeras are 
biased towards (Bevan 1977, Blanden § Andrew 1979) or absolutely re­
stricted to (Zinkernagel et at. 1978a) P1 H-2 antigens. Chimeras used 
in those experiments were checked qualitatively, though not quantitatively, 
for P2 H-2 antigen expression. It seems plausible that the quantitative 
variation of P2 and Pi H-2 antigen levels may influence the pattern of 
H-2 restricted cytotoxic T cell responses shown by (Pi x P2)Fi -► Pi 
chimeras. H-2 antigens levels on antigen-presenting cells directly 
affect induction of Tc cell responses (O’Neill § Blanden 1979), and it 
is likely that there could also be an influence on the repertoire of 
antigen receptors in the precursor Tc cell population and the regulation 
of Tc responses (Müllbacher et at. 1983) through the mechanism of self 
tolerance.
As yet, no firm correlate has been drawn at the functional level 
between the amount of P2 antigen expressed by chimeric lymphocytes, and 
their cytotoxic activity against P2 cells in vitro. Nevertheless, a 
better understanding of the regulation of H-2 antigen expression on
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lymphomyeloid cells in semiallogeneic chimeras now seems critical for the 
elucidation of factors which shape the T cell repertoire.
3.5 Summary
H-2 restriction patterns in (Pi x P2)FX -*■ Pi chimeras are generally 
heavily biased towards the host H-2 type. Some of these chimeras may 
be incompletely tolerant to P2 H-2 antigens; even though the chimeras 
are fully reconstituted with donor Fi cells, the H-2 phenotypes of their 
splenic lymphocytes may be very different from those of normal (Pi x P2 )FX 
mice. This chapter sought to provide more information on the possible 
causes of this variation.
Experiments presented in this chapter indicated that:
1. Aberrant expression of class I H-2 antigens may also occur on spleen 
cells from Fx hybrid mice grafted with parental skin.
2. Skin grafting is not essential for decreased P2 H-2 antigen levels 
to be present on (Px x P2 )FX -> Px chimeras.
3. Bone marrow cells from (BALB/c x B6)Fi -*■ B6 chimeras which expressed 
aberrant H-2 phenotypes and which had shown intolerance to BALB/c 
histocompatibility antigens by their rejection of BALB/c skin grafts, 
did not give rise to splenocytes with reduced expression of BALB/c 
H-2 antigens when used to reconstitute lethally irradiated syngeneic 
Fx recipients. However, the incidence of deaths in the secondary
Fx recipients suggested that anti-BALB/c activity might be present 
in the bone marrow preparation.
4. Anti-P2 reactive cells in semiallogeneic chimeras require 
stimulation by P2 skin grafts before they can overcome suppression,
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since a single immunisation with P2 spleen cells could not stimulate 
an anti-P2 Tc cell response.
Legends for Table 3.1
(a) The Fi's were all males aged between 8 and 9 weeks at the time 
their spleens were tested
(b) Titre is the reciprocal dilution of anti-H-2 antiserum at 
which rosetting reached 50% of peak value
(c) Maximum % rosette-forming cells
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Table 3.1 Variation in H-2 antigen expression on spleen cells from 
normal (CBA x B6)Fi hybrids^
Expt. Mouse ___________Mo. k
H-2 antigen: K
i (b) (c)
Titre' [% RFC ]
Dk bK Db
I 1 120 (54) 40 (40) 120 (59) 80 (40)
2 160 (51) 40 (38) 120 (53) 120 (50)
3 160 (55) 40 (39) 120 (63) 120 (44)
II 4 3840 (89) 2560 (69) 1280 (78) 1280 (71)
5 2560 (90) 2560 (65) 1280 (76) 1280 (70)
6 3840 (91) 1920 (73) 1280 (81) 1280 (65)
III 7 2560 (86) 1280 (48) 3840 (84) 1920 (84)
8 2560 (86) 1280 (43) 2560 (75) 960 (80)
9 2560 (86) 1280 (47) 2560 (76) 1280 (82)
10 1920 (78) 1280 (43) 2560 (67) 960 (77)
11 2560 (83) 1280 (49) 2560 (71) 960 (81)
12 1920 (79) 1280 (42) 1920 (62) 1280 (79)
IV 13 160 (66) 160 (30) 640 (61) 160 (55)
14 160 (58) 240 (29) 480 (54) 120 (52)
15 160 (67) 240 (26) 480 (57) 120 (52)
16 240 (67) 240 (23) 480 (54) 120 (52)
17 240 (64) 160 (32) 480 (58) 160 (50)
18 240 (64) 160 (29) 480 (53) 160 (55)
19 240 (69) 160 (31) 320 (55) 120 (48)
20 160 (60) 160 (29) 320 (54) 120 (47)
Legends for Table 3.2
(a) and (b) As for (b) and (c) in Table 3.1
(c) M = male, F = female
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Table 3.2 Variation in H-2 antigen expression on spleen cells from 
normal (BALB/c x CBA)F]. hybrids
Titre-1
(a)
Expt (c) Age
(b) 
[% RFC ]
)C A (mo.)
H-2 K
antigen:
k Dk Kd Dd
F 18 640 (88) 480 (70) 960 (82) 1280 (79)
F 18 480 (86) 480 (68) 960 (79) 960 (80)
F 18 640 (87) 480 (68) 960 (79) 960 (86)
F 18 320 (83) 320 (60) 960 (83) 640 (83)
F 18 640 (84) 480 (63) 960 (82) 1280 (81)
M 18 640 (83) 320 (59) 960 (79) 960 (82)
F 2 1280 (92) 960 (53) 1280 (83) 1280 (95)
F 2 640 (85) 960 (53) 960 (80) 1280 (86)
F 2 1280 (87) 960 (59) 1280 (82) 1280 (88)
F 2 960 (78) 640 (52) 960 (82) 1280 (86)
F 3 160 (59) 120 (30) 240 (55) 120 (56)
F 3 240 (48) 120 (30) 160 (50) 80 (49)
F 5 160 (53) 120 (27) 240 (51) 120 (53)
F 5 160 (46) 120 (32) 160 (45) 80 (32)
M 3 1280 (93) 960 (69) 1920 (82) 960 (86)
M 3 1280 (88) 960 (61) 1920 (86) 960 (86)
M 18 1280 (91) 960 (68) 1920 (89) 960 (88)
M 18 1280 (98) 960 (68) 1280 (80) 960 (83)
M 18 1280 (87) 960 (62) 1280 (84) 640 (81)
F 3 1280 (89) 960 (64) 2560 (85) 960 (72)
F 3 1280 (90) 960 (64) 1920 (76) 960 (84)
F 3 1280 (80) 960 (62) 2560 (83) 640 (79)
Table 3.3 Variability due to experimental error of H-2 antigen 
titres on spleen cells from a single (BALB/c x CBA)F! 
hybrid mouse^
Sample
No.
Titre [% RFC]
(c)
H-2 antigen: Dk Kd Dd
1 240 (78) 320 (55) 320 (69) 160 (76)
2 240 (68) 320 (47) 320 (59) 160 (76)
3 240 (72) 320 (52) 160 (69) 160 (79)
4 160 (68) 320 (46) 160 (60) 160 (76)
5 240 (76) 320 (49) 320 (62) 160 (80)
6 240 (74) 240 (50) 240 (66) 160 (75)
7 240 (71) 240 (54) 240 (60) 160 (77)
8 240 (78) 320 (50) 240 (62) 160 (78)
(a) The tested mouse was a (BALB/c x CBA)Fi hybrid female aged 
6 months. Its spleen cells were divided into eight samples 
which were then rosetted individually in one experiment.
(b) and (c) as for (b) and (c) in Table 3.1
Legends for Table 3.4
(a) Normal Fi mice were grafted with tailskin from the 
specified parental strain. Mice were sacrificed 4-8 months 
after grafting, and all grafts were healthy at that time.
(b) ND = not determined.
(c) The spleen cells from the mice in this experiment were also 
tested for variability in H-2 antigen expression by Dr H.C. 
O ’Neill using a colorimetric antibody binding assay (O'Neill 
§ Parish 1983). By this technique, the level of K antigens 
in mice 4 and 6 were shown to be >20-fold reduced as compared
with the Fi control.
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Table 3.4 H-2 antigen expression in Fx hybrid mice bearing parental
skin grafts^
Expt Fx hybrid Skingraft Titre"1 (% RFC)
(CBA x BALB/c)Fi Kk Dk Kd Dd
1. control 240 (60) 40 (25) 240 (65) 80 (68)
1 CBA 240 (59) 40 (23) 160 (53) 80 (59)
2 CBA 160 (61) 20 (22) 120 (46) 120 (57)
(CBA x B6)Fx Kk Dk Kb Dbi
2 control 240 (82) 240 (66) 320 (68) 320 (76)
1 CBA 160 (74) 240 (60) 320 (68) 320 (73)
2 CBA 120 (86) 240 (59) 160 (78) 320 (79)
3 CBA 240 (80) 240 (56) 160 (70) 320 (79)
(c)3. control 240 (82) 240 (59) 320 (75) 240 (83)
4 CBA 480 (89) 240 (52) <20 (ND) ^ 2 4 0 (63)
5 CBA 240 (83) 240 (58) 160 (77) 160 (77)
6 CBA 320 (90) 240 (62) <20 (ND) 120 (80)
4. control 240 (79) 240 (55) 240 (73) 160 (80)
7 B6 160 (71) 160 (44) 240 (75) 160 (78)
8 B6 240 (77) 240 (47) 240 (73) 160 (75)
9 B6 160 (69) 160 (41) 240 (70) 80 (74)
5. control 240 (82) 320 (31) 160 (72) 120 (78)
10 B6 160 (75) 320 (35) 160 (62) 160 (76)
11 B6 160 (70) 320 (39) 240 (56) 160 (71)
12 B6 160 (53) 320 (36) 160 (54) 80 (70)
6. control 1 1280 (80) 1280 (50) 640 (86) 640 (77)
control 2 1280 (85) 640 (55) 640 (87) 640 (79)
13 CBA 1280 (91) 1280 (49) 640 (88) 640 (91)
Table 3.5 H-2 antigen expression on spleen cells from chimeras
Chimera type Titre 1 (% RFC)
(BALB/c x B6)Fi -> B 6 ^  ----------------------------------------
Expt H-2 antigen:
Group I
1 Fi control 320 (85) 320 (87) 640 (90) 320 (83)
Chimera 1 320 (87) 320 (94) 240 (89) 320 (81)
Chimera 2 320 (85) 320 (87) 640 (85) 240 (93)
Chimera 3 320 (86) 320 (92) 640 (90) 240 (84)
2 Fi control 640 (80) 640 (79) 640 (86) 480 (82)
Chimera 4 640 (84) 320 (87) 640 (81) 480 (81)
Chimera 5 640 (86) 320 (74) 640 (87) 480 (85)
Chimera 6 320 (78) 320 (82) 640 (87) 320 (81)
3 Fi control 640 (79) 320 (81) 480 (84) 320 (88)
Chimera 7 ^ 640 (79) 480 (87) 960 (78) 320 (88)
Chimera 8 ^ 640 (80) 480 (89) 960 (82) 320 (84)
Chimera 9 ^ 320 (79) 320 (75) 320 (87) 320 (86)
4 Fi control 960 (74) 640 (75) 960 (81) 640 (80)
Chimera 1 0 ^ 2560 (84) 640 (72) *30 (ND)^ *40 (ND)
Chimera 11^ 960 (83) 640 (77) 960 (88) 640 (78)
Group II
5 Fi control 960 (76) 320 (66) 960 (77) 640 (79)
Chimera 320 (63) 320 (61) *40 (ND) *60 (ND)
Chimera B ^ 480 (73) 320 (69) *160 (ND) *160 (58)
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Table 3.5, continued
Chimera type Titre * (%RFC)
(BALB/c x CBA)Fx -> BALB/c -----------------------------------------
Expt H-2 antigen:
Group III
6 Fi control 640 (80) 320 (81) 480 (84) 480 (47)
Chimera 1 640 (78) 240 (89) *80 (ND) *60 (ND)
Chimera 2 320 (76) 240 (83) 320 (80) 480 (51)
7 Fi control 480 (79) 320 (91) 320 (88) 640 (38)
Chimera 3 240 (76) 320 (86) 320 (87) 160 (32)
Chimera 4 480 (67) 320 (80) 320 (79) 320 (35)
Significantly different from the Fi control
(a) ND = not determined.
(b) In experiments 1-4 Group I, the chimeras were hemisplenectomised and 
their spleen cells tested 3 months after reconstitution. In experiment 
5 Group II, the chimeras were sacrificed and typed 4 months after 
reconstitution. In experiments 6 and 7 Group III, the chimeras were
11 months post-reconstitution when they were typed.
(c) Chimeras 7-11 were typed 3 months later for H-2^ antigen expression, 
using a different anti-H-2^ antiserum on a fluorescence activated cell 
sorter (FACS). The levels of H-2^ antigens on chimera 10 were found 
to be no higher than the B6 negative controls, whereas the other 
chimeras expressed the same amounts of H-2^ as the (BALB/c x B6)Fx 
controls (C.E. Woodhams § R.V. Blanden, unpublished data).
(d) Chimeras A and B were both grafted with BALB/c skin at 20 weeks and again 
at 14 weeks after reconstitution. Rejection times were similar for both 
mice and were 14 days (10 week grafts and <8 days (14 week grafts)
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Legends for Table 3.6
(a) Secondary chimeras A1-A4 were reconstituted with bone marrow 
cells from chimera A, and Bl-Bll with bone marrow from 
chimera B (see Table 3.5, experiment 5). The secondary hosts 
were typed for H-2 antigen expression 10-12 weeks after 
reconstitution.
(b) The total number of nucleated bone marrow cells injected 
into each host.
(c) Anti-Thy 1.2 and complement treatment was described in Chapter
2 .
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Table 3.6 H-2 antigen expression on spleen cells of (BALB/c x B6)F!
hosts reconstituted with bone marrow cells from 
(BALB/c x B6)Fi -> B6 chimeras expressing reduced BALB/c 
(H-2^).antigens
Expt Chimera (a) Stem cell dose(b)
Titre"1 (% RFC)
Fi control 1280 (83) 640 (92) 640 (86) 960 (88)
A1 105 1280 (81) 640 (94) 1280 (86) 960 (88)
A2 105 1280 (84) 640 (94) 640 (84) 960 (79)
A3 105 960 (85) 640 (93) 480 (87) 960 (92)
Fi control 320 (84) 320 (85) 320 (77) 320 (83)
A4 105(c) 320 (78) 320 (79) 240 (69) 240 (79)B1 3xl06(anti-Thy 1.2) 320 (83) 320 (78) 160 (75) 240 (85)
B2 3xl06(anti-Thy 1.2) 320 (86) 320 (87) 160 (76) 240 (85)
Fi control 1280 (90) 640 (84) 1280 (88) 960 (81)
B3 3xl06(anti-Thy 1.2) 960 (85) 480 (81) 960 (89) '640 (91)
B4 3x106(anti-Thy 1.2) 960 (91) 480 (91) 640 (84) 480 (84)
B5 3xl06(anti-Thy 1.2) 960 (90) 480 (78) 960 (78) 480 (86)
Pi control 960 (92) 480 (91) 640 (87) 960 (95)
B6 io5 960 (91) 480 (86) 640 (87) 640 (92)
B7 105 960 (93) 480 (95) 640 (89) 640 (96)
B8 105 960 (85) 320 (93) 640 (81) 960 (94)
Fi control 1280 (88) 480 (84) 1280 (89) 1280 (93)
B9 3 x 106 1280 (83) 480 (90) 960 (92) 960 (85)
BIO 3 x 106 1280 (89) 480 (90) 960 (86) 640 (92)
Bll 3 x 106 1280 (84) 320 (84) 960 (84) 960 (93)
Table 3.7 Survival of secondary (BALB/c x B6)F;l hybrid hosts 
reconstituted with bone marrow cells from aberrant 
chimeras
Original
of bone marrow
chimera donor 
(a) Bone marrow Deaths^/numbercell dose^b) reconstituted
A 1 x 105 1 / 8
A 3 x 106 8 / 8
A 3 x 106(anti-Thy 1.2)^ 8 / 8
B 1 x 105 2 / 7
B 3 x 106 0 / 6
B 3 x 106(anti-Thy 1.2) 0 / 8
(a) See Table 3.3 Experiment 5
(b) The total number of nucleated bone marrow cells injected into 
each host.
(c) Anti-Thy 1.2 and complement treatment was described in 
Chapter 2.
(d) Deaths within 6 weeks of reconstitution.
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Table 3.8 Cytotoxic reactivity to B6 antigens of (CBA x B6)¥1 -> CBA
falchimeras primed with B6 spleen cellsv J
Percent lysis of PEC targets
Priming
dose B6 
spleen 
cells
K;T(b) 
Expt:^
CBA (H-2k 
1 2
)
3 1
B6 (H-2b 
2
)
3
C3H.
1
SW (H-2 
2
b)
3
107 9:1 10.5 8.8 10.1 10.4 10.2 8.2 20.4 12.9 6.6
3:1 11.5 6.4 7.0 4.4 7.5 3.2 11.3 11.5 10.6
1:1 8.0 6.3 3.9 2.4 8.8 0.2 6.4 9.0 2.6
106 9:1 7.9 NT 3.4 0.3 NT 4.7 9.8 NT 4.3
3:1 5.1 NT 7.5 9.3 NT 4.1 6.7 NT 3.9
1:1 6.1 NT 4.0 1.5 NT -2.8 2.0 NT 1.8
105 9:1 4.8 12.7 3.5 2.9 19.6 6.4 8.2 19.3 8.3
3:1 9.9 11.2 4.9 1.0 9.2 7.9 7.5 13.3 4.5
1:1 2.0 -4.1 2.0 -1.8 4.8 0.1 3.5 6.6 -0.2
104 9:1 13.9 8.3 7.0 5.5 11.3 4.3 20.4 16.6 4.9
3:1 6.7 9.5 5.9 0.3 8.6 2.9 9.4 10.6 2.9
1:1 4.9 -0.4 6.2 -2.2 -0.5 -0.2 4.4 0.8 0.6
Unprimed 9:1 6.5 4.8 4.1 2.7 2.9 10.8 20.2 12.4 6.7
3:1 4.9 8.3 1.7 -1.0 2.5 2.6 8.8 9.2 3.2
1:1 5.7 2.8 3.1 -1.3 3.7 -1.3 3.9 5.6 0.0
51
(a) Cr release assay performed as described in Chapter 2.
(b) K:T = KilleriTarget ratio.
(c) Each experiment was performed in triplicate.
Figure 3.1
Protocol for the transfer of bone marrow from (Pi x P2)Fi -* 
chimeras expressing aberrant spleen cell H-2 phenotypes into 
irradiated (Pi x P2)Fi recipients.
Spleen cells typed for 
H-2K and H-D antigen levels
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CHAPTER 4
DOES ANTIBODY BLOCKING OF H-2 ANTIGENS CAUSE THE 
REDUCED EXPRESSION OF P2 ANTIGENS OBSERVED ON SPLEEN
CELLS OF (Pi x P2)Fi P± RADIATION CHIMERAS?
4.1 Introduction
The antigenic products of the major histocompatibility complex 
were known to cause graft rejection (Gorer 1937, Gorer et dl. 1948) 
long before their role was discovered as cell surface recognition 
markers for T cell-mediated immunity (Zinkernagel § Doherty 1974a).
For many years, investigations into the mechanisms that maintain a 
state of tolerance to self within an animal have centred on MHC antigens 
and how under normal circumstances autologous lymphocytes fail to 
react against them. The finding that (Pi x P2)Fi -* Pi semiallogeneic 
radiation chimeras, showing a fragile state of tolerance to P2, can 
express much reduced levels of P2 class I H-2 antigens on their spleen 
cells (Blanden et dl. 1981) has raised questions concerning the 
modulation of H-2 antigen expression on cell membranes, with implications 
for self-tolerance in non-homozygous systems. Possible mechanisms to 
account for the phenomenon are as follows: firstly, spontaneously
arising low P2-expressing lymphocytes may contribute to the lack of 
tolerance to P2 determinants in these chimeras because they do not 
provide sufficient P2 antigenic stimulation to maintain active suppressor 
cells directed against the idiotypes of anti-P2 H-2 T cell receptors; 
secondly, modulation, by non-immunological means within the Pi host 
environment, of the P2-defined histocompatibility molecules that are 
seen as targets for self-reactive chimeric lymphocytes may help to 
avoid a total failure of self tolerance; thirdly, aberrant P2 H-2 
expression may simply reflect anti-P2 immunological activity within the 
host, activity that has either deleted cells with normal P2 H-2 
levels (thus permitting low P2-expressing lymphocytes to repopulate 
the animal), or that has masked P2 H-2 antigens by anti-P2 antibody.
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As shown in Chapter 3, bone marrow stem cells from (Pi x P2)Fi ->
Pi chimeras expressing aberrant H-2 phenotypes produce spleen cell
progeny lymphocytes with normal H-2 antigen levels when they are
transferred into lethally irradiated syngeneic Fi hybrid hosts. The
high incidence of mortality observed in mice receiving these bone
marrow cells (even after anti-Thy 1 plus complement treatment) suggested
that anti-P2 activity, not mediated by T cells alone, was present in
the inoculated cell preparation. Modulation by antibody of the
expression of ^-2-controlled class I molecules is well established
(Schlesinger § Chaouat 1972, reviewed by Klein 1975), and evidence
that B cells can survive lethal irradiation in vivo to show subsequent
immunological activity has been reported (Pilarski § Cunningham 1975).
Experimental support for the proposition that anti-P2 antibody, produced
by residual host B cells that survived irradiation, may possibly cause
the observed reduced concentrations of P2 H-2 K and D antigens was
derived from studies on (CBA x BALB/c)Fi -> BALB/c chimeras (O'Neill at
al. 1983). Mature surviving chimeras, made from BALB/c hosts that had
been hyperimmunised with CBA cells before irradiation, were found to
k kexpress reduced levels of H-2K and H-2D antigens on their spleen 
cells.
The experiment described in this chapter was designed to test 
for the presence of anti-P2 antibodies on the surface of spleen cells 
from (Pi x P2)Fi -* Pi chimeras that expressed reduced P2 H-2. It did 
not attempt to discriminate between simple blocking of H-2 antigenic 
determinants on the cell membrane by antibody, and modulation of H-2 
molecules off the membrane via capping with antibody and subsequent 
pinocytosis.
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4.2 Materials and methods
Bone narrow chimeras were produced as described in Chapter 2, 
except that the reconstituting bone marrow cells were injected 24 or 
48 hours after irradiation.
Spleen cell anti-H-2 antiserum titres were assessed at 10 weeks 
post reconstitution. After the first rosetting procedure (Chapter 2), 
spleen cells from the individual mice were cultured at 2 x 106 cells 
ml-1 in MEM supplemented with 10% FCS and 10 Vl 2-ME for 20 hours at 
37°C. The cells were subsequently harvested and washed, then Ig-capped 
and rosetted according to the methods detailed in Chapter 2.
4.3 Results
Spleen cells from four (BALB/c x B6)Fi -> B6 chimeras were typed
for class I H-2 antigen expression by the rosetting technique. Their
cell surface concentrations of H-2K^ and antigens were found to be
reduced below levels that could be accurately determined in this
rosetting assay (Table 4.1). After overnight culture under optimal
conditions, the remaining spleen cells were not found to have increased 
k dtheir K /D expression to within definable levels (Table 4.1). Therefore, 
reduced expression of BALB/c H-2 antigens on splenic lymphocytes of 
(BALB/c x B6)Fi -> B6 chimeras was probably not a consequence of removal 
by anti-BALB/c antibody of #-2^-defined determinants from the cell 
membrane.
4.4 Discussion
The reduced expression of P2 H-2 antigens observed on splenic 
lymphocytes of some (Pi x P2)Fi -* Px chimeras may be explained in
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terms of anti-P2 antibody masking and/or capping off K/D histocompatibility 
determinants on the cell membrane. As a direct test of this possibility, 
spleen cells from chimeras known to be expressing low amounts of P2 
antigens were maintained overnight in growth medium. Under the 
conditions described in this experiment, it was considered that any 
P2 H-2 molecules with antibody bound to them on the cell membrane would 
undergo capping and endocytosis, or simply be lost from the membrane in 
normal H-2-molecular turnover, so that the usual H-2 antigen concent­
rations could be restored. Class I histocompatibility antigens are 
known to have a remarkably rapid turnover rate on the cell membrane.
For instance, experiments in which MHC molecules were digested off the 
membrane by the enzyme papain, demonstrated 100% regeneration of 
antigenicity after 6 hours (Schwartz § Nathenson 1971, Turner et dl.
1972). The half-life of H-2 molecules has been calculated at 7-10 
hours, as determined by their rate of disappearance from the cell 
membrane (Schwartz et dl. 1973b). Therefore, the 20 hour incubation 
period in the experiment described here would have been more than 
adequate to allow resynthesis on the chimeric cells of any H-2 molecules 
that may have been depleted in concentration by antibody.
If there were B cells in the chimeric spleens secreting anti-P2 
antibody at levels that saturated P2 H-2 molecules expressed on lympho­
cytes of Fi hybrid origin, then circulating antibodies should be 
detectable in the chimeric blood. No such anti-P2 antibody has been 
found in blood from other (Pi x P2)Fi Pi chimeras that showed reduced 
levels of P2-type H-2 antigens (H.C. O'Neill, unpublished data).
Aberrant chimeric spleen cells, after an overnight incubation under non­
saturating conditions for any anti-P2 antibody, would be expected to 
express increased levels of P2 H-2 antigens. Because no detectable P2
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H-2 K or D antigens were found on the chimeric cells after culture, 
the conclusion was drawn that reduced cell membrane concentrations 
of H-2 antigens was not a consequence of the continued presence of 
anti-P2 antibody in the chimeras.
The data presented here do not completely eliminate B cell- 
mediated anti-P2 activity as the cause of the observed aberrant H-2 
phenotypes. Spontaneous occurrence of altered H-2 expression on the 
surface of hybrid lymphocytes is known, as will be discussed in Ch. 6. 
It is therefore possible that in (Px x P2)Fi -* Pi chimeras, anti-P2 
and antibody may select low P2-expressing lymphocytes, after they 
mature, to repopulate the irradiated host.
The origin of any P2-reactive B cells is open to speculation. Are 
they derived from host cells that survived irradiation, or are they 
donor Fi cells that are not effectively suppressed in the Px host? Even 
though early evidence has indicated that lethally irradiated animals 
can temporarily retain the capacity to mount alloresponses within the 
first 24 hours after irradiation (Vos et al. 1961), the aberrant chimeras 
described here were injected with reconstituting bone marrow cells 
24-48 hours after irradiation, whereas those in earlier chapters were 
reconstituted on the day of irradiation. Thus a longer time between 
irradiation and reconstitution did not affect any selective processes, 
either immunological or non-immunological, against lymphocytes 
expressing P2-type H-2 antigens. A small proportion of B cells can 
survive lethal doses of radiation in vivo and maintain their immunological 
competence (Pilarski § Cunningham 1975). Indeed, anti-P2 activity 
apparent in anti-Thy 1.2 plus complement treated bone marrow preparations 
from chimeras with aberrant H-2 phenotypes (Chapter 3) implicates B 
cells as the alloreactive effector population, yet chromosomal marker
analysis has not detected populations of host-derived chimeric lympho­
cytes that are capable of dividing to mount responses (O'Neill et al.
1983).
The failure to find evidence that anti-P2 antibody was either 
bound to chimeric lymphocyte membranes, as described here, or circulating 
in the peripheral blood of aberrant chimeras, suggests that any anti-P2 
B cell activity might be a temporary phase during maturation of the 
chimera after reconstitution (Auchincloss $ Sachs 1983a). It suggests 
that alternative non-immunological mechanisms (e.g. Lengerovä et al.
1973) may play a more important role than has been considered so far 
in the selection of low P2 H-2-expressing lymphocytes in semiallogeneic 
chimeras. In order to completely eliminate B cell activity as a 
selective force, assessments would need to be made of the events 
occurring in the chimera at frequent intervals after reconstitution.
Such analysis would be logistically difficult unless the incidence 
of aberrant chimeras could be increased in some way.
4.5 Summary
The experiment described in this chapter was designed to define 
a role for anti-P2 antibody in inducing the reduced expression of P2- 
type H-2 antigens on lymphocytes from (Pi x Pz)Fi Pi chimeras. Spleen 
cells of (BALB/c x B6)Fx -> B6 chimeras, that were shown to express 
abnormally low amounts of BALB/c H-2 antigens by the rosetting technique, 
were cultured overnight under optimal conditions, then tested to see if 
they re-acquired a normal H-2 antigenic phenotype. The cells continued 
to display reduced levels of H-2 and antigens. It was concluded 
that anti-P2 antibody did not cause the low expression of P2 antigens 
on chimeric spleen cells by blocking antigenic sites or by capping P2 
molecules off the cell membrane.
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Legends for Table 4.1
(a) Chimeras were sacrificed 10 weeks post reconstitution.
(b) Chimera 1 was reconstituted 25 hours after irradiation; Chimeras 
2, 3 and 4 were reconstituted 48 hours after irradiation.
(c) Titre is the reciprocal dilution of anti-H-2 antiserum at which 
rosetting reached 50% of peak value.
(d) Maximum % rosette-forming cells.
(e) ND = not determined.
(f) Spleen cells (2 x 106 ml 1) were incubated at 37°C 20 hours 
in MEM supplemented with 10% FCS and 10~4M 2-ME. Cells were 
harvested, washed, then Ig-capped and rosetted as described 
in Chapter 2.
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Table 4.1 The effect of overnight culture on the H-2 antigen 
expression of spleen cells from (BALB/c x B6)Fx -> B6 
chimeras ^
Mouse
Titre-1(c) [% RFC) (d)
No.
Kd Dd Kb Db
Before culture:
(BALB/cx Bö)?! control (A) 320 (78) 240 (68) 640 (81) 160 (75)
(BALB/cxB63F! control (B) 240 (68) 120 (62) 480 (75) 160 (72)
1 (e)ND (20) ND (16) 320 (72) 160 (72)
2 ND (6) ND (15) 960 (76) 120 (81)
3 ND (18) ND (26) 1280 (83) 240 (80)
4 ND (10) ND (18) 1280 (84) 240 (79)
After culture
Fi control (A) 640 (66) 320 (68) 960 (69) 160 (65)
Fi control (B) 640 (61) 320 (66) 640 (63) 120 (70)
1 ND (10) ND (9) 320 (65) 120 (70)
2 ND (4) ND (12) 640 (63) 160 (66)
3 ND (5) ND (16) 1920 (73) 160 (73)
4 ND (3) ND (15) 1920 (67) 120 (72)
CHAPTER 5
SELF TOLERANCE AND H-2 ANTIGEN EXPRESSION IN 
SEMIALLOGENEIC RADIATION CHIMERAS ARE AFFECTED
BY THE EXTRATHYMIC HOST ENVIRONMENT
110.
5.1 Introduction
The thymus plays a vital role in the development of T cells from 
unipotential blood-borne stem cells (Moore $ Owen 1967) into the immuno­
competent lymphocytes found throughout the body (Miller § Osoba 1967).
Its primary concern is to provide a suitable microenvironment within 
which the progenitors of T cells may differentiate, acquiring the 
receptors and functional capabilities necessary for T cells to participate 
in an immune response. Within the murine thymus, developing cytotoxic T 
cells begin to express receptors for antigen; these receptors must have 
exquisite specificity for self H-2K and D region coded molecules in 
association with foreign antigens (Doherty et al. 1976), they may be able 
to bind non-self histocompatibility molecules on uninfected cells (Dutton 
et al. 1978), but they must not react with self H-2 markers alone on 
normal uninfected cells, i.e. they must be tolerant to self histo­
compatibility antigens.
From experiments using radiation chimeras and thymus grafting 
(Bevan $ Fink 1978, Zinkernagel et al. 1978b) it has been indicated that 
self specificity of H-2 restricted Tc cells is determined by the H-2 
antigens expressed on the surface of thymic radioresistant cells. In 
attempts to explain thymic influence on the Tc cell repertoire, how the 
thymus may impose rigid self-recognition requirements on Tc cell 
receptors without destroying their diversity for a vast number of foreign 
antigens, two alternative hypotheses have been proposed. Models pro­
pounding positive selection of dual receptors on T cell progenitors 
within the thymus (Langman 1978, von Boehmer et al. 1978) incorporate 
firstly the selection of cells with receptors which can bind H-2K or 
D antigens expressed on non-lymphoid thymic tissue. These cells then 
divide rapidly to generate the anti-X repertoire in the second receptor
1 1 1 .
by somatic mutation or germ-line diversity. Implicit in such theories 
is the corollary that chimeric Tc cells will be restricted to the H-2 
type of the thymus in which they differentiated to the same extent 
as the Tc cells from a normal homozygous animal expressing the H-2 
haplotype of that thymus. Negative selection hypotheses, however, 
propose that the overriding purpose of the thymus in controlling T 
cell development is the preservation of tolerance to self. Cells with 
receptors reactive against self H-2 antigens alone become trapped in 
the thymus and are deleted or suppressed, while alloreactive T cells 
or those that recognise self H-2 + X can mature (Jerne 1971, Janeway 
et al. 1976, Blanden § Ada 1978) and migrate out to the secondary 
lymphoid tissues. Since small numbers of self-reactive cells might 
escape the thymic screen, the negative selection system would therefore 
require an additional suppression mechanism directed against the idiotype 
of the anti-self H-2 receptor, and possibly crossreactive on some 
anti-self H-2 + X T cells, to operate outside the thymus (Blanden §
Ada 1978). Experimental evidence supporting this mechanism has been 
reported: the neonatal tolerance induction of C57B1/10J mice to
H-2K cross-reactively suppresses their Tc cell response to vaccinia 
+ H-2D (MUllbacher et al. 1983). Removal in the thymus of only those 
cells that bind self H-2 alone would also permit the existence of T 
cells with receptors for allo-H-2 + X, as has been reported (Thomas $ 
Shevach 1977, Wilson et al. 1977, Doherty § Bennink 1979a,b).
Tc cell responses against viruses and minor histocompatibility 
antigens in (Pi x P2)Fi ** Pi chimeras are often biased in their 
restriction patterns towards the H-2 type of the host (Bevan 1977a, 
Zinkernagel 1978a, Blanden § Andrew 1979, Doherty et al. 1981); in 
thymus-grafted semiallogeneic chimeras there is evidence that this
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bias is determined by the H-2 type of the thymus (Bevan § Fink 1978, 
Zinkernagel et dl. 1978b). Yet with one exception (Zinkernagel et dl. 
1978b), all the above reports do not describe consistent biases towards 
the thymic H-2 type of the magnitude expected of a normal homozygous 
animal expressing that particular H-2 haplotype, results inconsistent 
with the positive selection hypothesis but compatible with negative 
selection.
Nevertheless, direct attempts to demonstrate suppression of 
anti-P2 reactive Tc cells in chimeras with Pi thymuses have been 
unsuccessful (Zinkernagel £ Althage 1981, Fink § Bevan 1981), although 
suppression has been reported for Td cells (Smith § Miller 1980). 
Anti-self H-2 reactivity has been shown to occur in syngeneic mixed 
lymphocyte reactions (Altman § Katz 1980), and suppression is evident 
in states of neonatally induced tolerance to MHC antigens in rats 
(Dorsch § Roser 1977, 1982) and mice (Gorczynski $ MacRae 1979). Active 
suppression of alloreactive T cells has been reported in fully allogeneic 
murine chimeras during the early weeks after reconstitution, but could 
not be detected in mature chimeras (Auchincloss § Sachs 1983a,b).
However, in some (Pi x P2)fi Pi chimeras, the state of tolerance 
to the non-host H-2 haplotype (P2) is tenuous and can be broken, as 
demonstrated by the rejection of P2 skin grafts in vivo and cytotoxicity 
of their spleen cells against uninfected P2 targets in vitro after 
culture with P2 stimulators (Blanden et dl. 1981, Ashman et dl. 1982). 
Since anti-P2 cytotoxicity was not evident in spleen cells tested 
immediately after removal from the animals but required stimulation in 
culture to become active, the anti-P2 reactive T cells must either have 
been suppressed in the chimeras, or not stimulated. The host H-2 
phenotype seems largely responsible for determining self as recognised
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together with foreign antigen by H-2 restricted Tc cells; since P2 
antigens in the (Pi x P2)Fi -> Pi chimeras would only be found on 
lymphomyeloid cells, by negative selection anti-P2 cells would not be 
controlled in the thymus. Modulation of P2 H-2 levels on the membranes 
of bone marrow derived cells might reduce their chances of stimulating 
anti-P2 reactive T cells (O'Neill § Blanden 1979).
Chimeras which have lost tolerance to P2 also have been shown 
to express altered H-2 antigen phenotypes on their spleen cells. Often 
the levels of P2 class I H-2 antigens are significantly lower on the 
spleen cells of these chimeras as compared with normal syngeneic Fi 
cells (Blanden et al. 1981). Since the thymus has been implicated as 
the determinant of H-2 restriction bias, and since in the thymus 
precursor T cells increase their cell membrane concentrations of H-2 
antigens as they mature (Scollay 1982), it would therefore be 
reasonable to expect that the aberrant H-2 phenotypes found on spleen 
cells might arise on T cells as they mature in the thymus.
Experiments in this chapter seek to compare the role of the 
thymus versus that of the extrathymic host environment in determining 
altered expression of P2 H-2 antigens on spleen cells in thymus- 
grafted semiallogeneic (Pi x P2)Fi -* Pi chimeras, and in determining 
tolerance to self.
5.2 Materials and methods
These are described in Chapter 2.
5.3 Results
5.3.1 (CBA x B6)Fi cytotoxicity against parental targets
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Fi hybrid mice are known to mount anti-parent cytotoxic T cell 
responses under specified culture and assay conditions (Ishikawa §
Dutton 1979, Warner $ Cudkowicz 1979). It was therefore necessary to 
assess the normal level of activity against parental antigens by a 
number of (CBA x B6)Fi hybrids within the assay system used to demonstrate 
(Pi x P2)Fi -*■ Pi chimeric responses against the non-host parental 
targets (Blanden et dl. 1981, Ashman et dl. 1982). Consequently, spleen 
cells from individual (CBA x B6)Fi mice were cultured for 5 days with 
2000 rad irradiated homozygous parental strain stimulator spleen cells, 
then tested for their ability to lyse peritoneal macrophage targets from 
parental strain mice. The results from a typical experiment are shown 
in Table 5.1. Little or no antiparent cytotoxicity could be detected 
under the conditions used here, as compared with strong allo-responses 
of the homozygous parental cells against each other.
(CBA x B6)Fx hybrid foetuses were stem cell donors for most of 
the chimeras used in experiments described in this chapter. Thus spleen 
cells from (CBA x B6)Fi hybrid mice provided the standard for H-2 
antigen typing by rosetting and the baseline for expected chimeric 
anti-parent cytotoxicity, unless otherwise specified.
5.3.2 In thymus grafted Fi parent chimeras the host H-2 phenotype
may determine self tolerance
Thymectomised CBA hosts, which had been lethally irradiated 
and reconstituted with (CBA x B6)Fx foetal liver cells then grafted 
with CBA, B6 or (CBA x B6)Fx foetal thymus lobes, were constructed 
to test the relative influences of the thymus and the extrathymic host 
environment (periphery) on tolerance to parental antigens and the H-2 
phenotype of chimeric spleen cells. As shown in Tables 5.2 and 5.3,
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with the exception of Chimera 7, all the (CBA x B6)Fx -> CBA thymic 
chimeras (i) accepted non-host B6 skin grafts, (ii) showed normal levels 
of H-2K and H-2D antigens on their spleen cells, and (iii) could not 
mount a cytotoxic response against target cells of either parental H-2 
type. Similar results were found for two of the three (CBA x B6)Fx CBA 
thymic chimeras that had been given both CBA and B6 thymuses together 
(Tables 5.4 and 5,5).
However, Chimera 7 (Tables 5.2 and 5.3) rejected its B6 skin
graft, carried no thymus graft at the time of sacrifice, expressed
b breduced levels of K and D antigens on its splenocytes, and mounted 
a cytotoxic response against B6 targets of a magnitude equivalent 
to a strong allogeneic response. Because T cell cytotoxicity was 
evident, the B6 thymus graft must have been accepted initially, in 
order for T cells to have differentiated, and been rejected later 
(Miller et at. 1964) . In this chimera the host H-2 phenotype seemed 
to determine self tolerance.
Similarly, Chimera 3 (Table 5.4), whose B6 thymus graft was 
found to be missing whereas its CBA thymus was intact, showed much
■L
reduced expression of H-2 class I antigens and intolerance to B6 
as indicated by rejection of the B6 graft specifically and cytotoxicity 
against H-2 targets.
When alternatively (Pi x Pz)Fi ** Pi chimeras were constructed 
using B6 hosts grafted with both CBA and B6 thymic lobes, four of the 
five chimeras tested (Tables 5.6 and 5.7) showed lack of tolerance to 
the non-host parental H-2 antigens, as with Chimera 3 in Table 5.4.
They rejected CBA skin grafts in accelerated fashion, and after being 
stimulated in vitro with CBA cells, their spleen cells lysed CBA 
macrophage targets significantly better than did the (CBA x B6)Fi
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controls. These four intolerant chimeras were all found to have lost 
their CBA thymus transplants. Such a high incidence of thymic graft 
failure could not reasonably be attributed to technical faults considering 
the success rate of thymic transplants in trial procedures (Chapter 2, 
Section 4.2) and the fact that only CBA, not B6, grafts were lost.
Rather, it appeared that the thymuses had been actively rejected by 
the reconstituted chimeras. Precise affirmation of this assertion by 
examination of the thymus grafts on the kidneys was not practicable since 
it would have required the anaesthesia of the chimeras within approximately 
7 days of irradiation and surgery, at a critical time for the survival 
and reconstitution of the host (Micklem § Loutit 1966 ch. 4). Never­
theless, the rejection of allogeneic thymus grafts by adult thymectomised 
irradiated mice reconstituted with syngeneic bone marrow cells has been 
documented (Miller et at. 1964).
The experimental results shown in Tables 5.2-5.7 indicate that 
the H-2 genotype of the host contributes more to the determination of 
self tolerance than does the H-2 type of the thymus. They also suggest 
that any selection pressure for aberrant H-2 antigen expression to occur 
on spleen cells is a function of the host- rather than the thymic-H-2 
type.
5.3.3 No detectable thymic influence on H-2 phenotype or tolerance
to self
Foetal thymuses of parental H-2 types were transplanted into 
thymectomised syngeneic Fi Fi chimeras. By keeping the chimeric host 
syngeneic with its reconstituting stem cells and varying only the thymic 
H-2 type, the role of parental thymus alone in determining the 
recognition of self and influencing the H-2 phenotype of mature chimeric
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splenic lymphocytes could be more readily analysed.
As seen from Tables 5.8 and 5.9, regardless of the type of thymic 
graft (all of which were healthy when the mice were sacrificed), all 
the chimeras accepted skin grafts of non-thymic parental H-2, and 
none mounted cytotoxic responses against parental macrophages signific­
antly better than the (CBA x B6)Fi controls. With the exception of 
Experiment 1 Table 5.8, all of the chimeras had normal Fi patterns of 
H-2 antigen expression on their spleen cells. However, Chimeras 1 and 
2 in Experiment 1 showed a four-fold increase in antibody-binding 
levels over the (CBA x B6)Fi control, even though they carried only 
CBA thymuses. It is possible that in this experiment the chimeric 
cells indeed expressed normal K antigen levels but the Fi hybrid 
control mouse was aberrant, displaying lower levels of K antigens 
than normal. This possibility will be discussed further in Chapter 6.
From the results in Tables 5.8 and 5.9 the thymus does not seem 
to be the sole or overriding factor that determines tolerance to self, 
or to modulate H-2 antigen levels on chimeric spleen cells.
The extrathymic environment can determine tolerance to self
In a further attempt to define the H-2 type of the host environ­
ment as the major determinant of what T cells recognise as self, 
thymectomised semiallogeneic chimeras of the type (P 1 x P2)Fi -* (P2 x P3)F! 
were grafted with P2 foetal thymuses according to the usual protocol.
These chimeras were intended to permit an assessment of the influence 
on stem cell progeny lymphocytes of the extrathymic host phenotype, 
with minimal thymic involvement.
When chimeras of two different strain combinations, shown in 
Table 5.10 experiments 1 and 2, were grafted with homozygous tailskin
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of both the parental H-2 types unique to the stem cell or host
genotype, i.e. Pi and P3 tailskin respectively, all the chimeras retained
their P3 grafts whereas 4 out of 6 rejected their Pi grafts. Tolerance
to the stem cell genotype seemed to have been broken, yet these chimeras
did not show detectable cytotoxic activity against targets of Pi H-2
type (Table 5.11). When their H-2K and D antigen levels were titrated
by rosetting (Table 5.10), in experiment 1 the Fi control cells did
not give normal antiserum end points, so the chimeras were assumed to
express normal (BALB/c x CBA)Fi H-2 phenotypes. In experiment 2, the
levels of K antigen, which was common to stem cell donors, thymus
and the host, were marginally elevated in the chimeras, but not significantly
enough to draw any firm conclusions.
The chimeras in Tables 5.12 and 5.13 controlled for any possible 
thymic influence and showed (i) no non-thymic parental skin graft 
rejection, (ii) no cytotoxicity against parental targets, and (iii) 
normal Fi H-2 phenotypes on their spleen cells.
5.4 Discussion
The experiments in this chapter were performed primarily to 
evaluate the contributions of the thymic environment and the extra- 
thymic host periphery in modulating the H-2 phenotype of heterozygous 
chimeric spleen cells and in determining immunological self tolerance, 
i.e. specific non-reactivity to self histocompatibility antigens.
Thymus-grafted chimeras of three types were constructed: (Pi x P2)Fi
-> Pi, (Pi x P2)Fi -* (Pi x P2)Fi and (Px x P2)Fi -* (P2 x P3)Fi, which 
were grafted under the renal capsule with foetal thymic lobes of 
parental H-2 types. As determined by the rejection of parental skin 
grafts and by spleen cell anti-parent cytotoxicity in culture:
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1. In (Pi x P2)Fi -* Pi chimeras, reactivity against P2 H-2 antigens 
was readily detectable in some chimeras, even against the H-2 type of 
the thymus grafts. Strong anti-P2 reactivity was associated with 
significantly decreased P2 H-2 antigen levels on the chimeric spleno- 
cytes.
2. In (Pi x P2)Fi (Pi x P2)Fi syngeneic chimeras, homozygous 
thymuses from donors of either parental H-2 type did not alter chimeric 
tolerance to both parental H-2 haplotypes, or affect the H-2 phenotypes 
of the spleen cells.
3. In (Pi x P2)Fi -> (P2 x P3)Fi semiallogeneic chimeras bearing P2 
thymuses, tolerance in terms of skin graft rejection could be broken
to Pi histocompatibility antigens, but not to P2 or P3. These chimeras 
did not show altered spleen cell H-2 phenotypes, nor did they mount 
cytotoxic responses against parental targets, results which suggested 
that anti-Pi lymphocytes present in the host were present in low numbers 
and/or were controlled by strong suppressive influences.
Thus it appears from these data that the thymic contribution in 
the maintenance of tolerance to non-host H-2 antigens in chimeras is 
much less significant than that of peripheral factors, although the 
role of the thymus in establishing tolerance initially is not clarified 
here.
Tolerance to the thymic H-2 type, as well as to the non-host 
parental H-2 haplotype of the donor stem cells, may be lost in animals 
carrying allogeneic thymuses. In the anti-P2 reactive (Pi x P2)F! -*• Px 
chimeras (Tables 5.4-5.6) that had been grafted with both Px and P2 
thymuses, T cell progenitors would have been able to differentiate 
inside the Pi thymus in order to later reject their P2 grafts. But
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the (CBA x B6)Fi -> CBA Chimera 7 that had received B6 thymus lobes 
only, possessed mature T cells capable of responding to B6 (H-2 ) 
stimulation; it seemed that the thymus had not completely determined 
self tolerance and was rejected by the T cells it had permitted to 
differentiate. Alternatively, the thymus may have been rejected by 
residual alloreactive host T cells that had survived lethal irradiation 
(Gorczynski § MacRae 1977). Any such T cells could constitute no 
more than about 1% of cells capable of dividion in the host (O’Neill 
et at, 1983) yet their existence cannot be ignored in the investigation 
of intolerance to P2 in these chimeras. The rejection of the thymus 
in Chimera 7 is in agreement with following evidence that the thymus 
is not the only anatomical site where T cell differentiation can occur. 
Firstly, allogeneic thymus grafts in thymectomised syngeneic bone 
marrow chimeras were not colonised by thymocyte precursors from the 
bone marrow, yet mature T cells in these animals could reject the 
thymus transplants (Miller et at, 1964). Secondly, experiments with 
mice bearing thymic implants isolated in cell-impenetrable chambers 
demonstrated that T cell differentiation does not necessarily require 
physical contact between T cell progenitors and the thymic stroma 
(Osoba § Miller 1963, 1964); these data have been supported by more 
recent knowledge of the capabilities of thymic hormones (Trainin 1974, 
Goldstein et at, 1981). Thirdly, athymic nude mice can develop 
fully functional T cells after treatment with the T cell factor 
Interleukin-2 (Stötter et al 1980, Wagner et at, 1980b).
Such findings do not refute the postulate of a negative selection 
role for the thymus, but rather they emphasise the consequent need for 
suppression of anti-self immune cells in the secondary lymphoid tissues. 
The thymus seems to be more an optimal rather than an essential site for
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T cell differentiation, providing required soluble factors and hormones 
at appropriate concentrations, and at the same time eliminating a 
proportion of autoreactive T cells as they arise in the thymus but 
not those that mature elsewhere.
A marked difference, dependent on the host mouse strain used 
to make the Fi -+ Parent chimeras, was observed in the frequency of 
loss of tolerance to non-host H-2 antigens. Only 2 of the 15 chimeras 
made with CBA hosts could respond to the B6 antigens (Tables 5.2-5.5), 
whereas when the host strain was B6, 4 out of 5 chimeras reacted against 
CBA (Tables 5.6 and 5.7). Pronounced strain variability has been 
documented concerning the ability of different inbred mouse lines to 
induce tolerance and to be tolerised themselves (e.g. Brooks 1976, 
Streilein £ Klein 1977). In particular, strains of black mice, such 
as C57B1 lines, strongly resist tolerance induction (Billingham et al. 
1954, Billingham $ Brent 1957, 1959), especially to K and D region 
alloantigens (Streilein $ Klein 1980). This variability has been 
linked to IJ/IE subregions of the H-2 gene complex and appears to be 
caused largely by an immune response gene effect of J-J-controlled 
suppressor mechanisms (Streilein § Klein 1980, Streilein 1980), 
although non-H-2 linked genetic factors clearly play a part (Streilein 
$ Klein 1977).
Large decreases in the P2 H-2 K and D antigen expression of 
spleen cells were observed in all the (Pi x P2)Fi -► Pi thymic chimeras 
that demonstrated reactivity against non-host P2 antigens (Tables 5.2, 
5.4 and 5.6), with a consistency not always observed in other reports 
(Blanden et al. 1981, Ashman $ Gallagher 1983). Yet (Px x P2)F1 ■*
(P2 x P3)F! thymic chimeras that had rejected Pi skin grafts expressed 
normal (Pi x P2)Fi spleen cell H-2 phenotypes (Table 5.10). The Pi
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skin grafts were rejected more slowly (21-28 days) than observed in 
other intolerant chimeras (8-14 days); also, their spleen cells did not 
detectably lyse parental macrophage targets after stimulation in 
vitro with irradiated Pi spleen cells, data which suggest that 
suppression of lymphocytes responsive to Pi antigens was sufficient 
to suppress cytotoxic T cell production at detectable levels, but 
insufficient to completely prevent rejection of Pi skin grafts in 
these chimeras.
It is possible that skin grafting is a much more sensitive method 
of detecting anti-parent immune responsiveness than cell-mediated 
lysis. As discussed in Chapter 3, dendritic cells, which express very 
high levels of la and H-2 antigens, have been implicated as the main 
agents of stimulation in graft rejection (Stingl et at. 1978,
Streilein et at. 1979, Steinmuller 1980): the absence of dendritic
cells from an allograft has been correlated with long-term survival 
of the graft (Batchelor et at. 1979, Hart et at. 1980, Hart § Fabre 
1981, 1982). As more potent stimulators of T cell responses in vivo 
than lymphocytes, graft-derived dendritic-type cells, by virtue of 
their high membrane concentrations of class I and II #-2-coded molecules, 
may well have circumvented I region controlled suppressor mechanisms 
in the Fi -* Fi semiallogeneic chimeras to induce graft rejection; 
parental lymphocytes, with lower H-2 antigen concentrations, apparently 
could not overcome the suppression enough to stimulate K/D region 
controlled chimeric anti-parent cytotoxic T cells in culture. Thus 
because anti-Pi cells were being suppressed so effectively in these 
chimeras (Table 5.10), modulation of Px antigen levels would consequently 
seem to be of no real advantage to the host. Yet in the Fi -> parent 
chimeras that could readily mount responses against non-host parental
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antigens, H-2 modulation might determine the difference between stable 
suppressed anti-parent reactivity and autoimmunity.
Experiments in Chapter 3 indicated that the aberrant H-2 
phenotypes were not a consequence of immunological selection of low 
P2-expressing stem cells. No evidence is found in the data presented 
here that the thymus contributes in any direct way to the modulation 
of H-2 antigens on chimeric spleen cells. Since, in this chapter, 
chimeras that demonstrated only partial intolerance to non-host 
parental antigens expressed normal H-2 phenotypes, whereas chimeras 
fully reactive against P2 antigens had much reduced cell surface con­
centrations of P2 H-2, the low P2 H-2 phenotype on (Pi x P2)Fi Pi 
chimeric splenocytes might be a consequence rather than a possible 
cause of intolerance to P2. However, experiments to test this 
possibility have not been performed. The results described here are 
also consistent with aberrant H-2 phenotypes causing the lack of 
tolerance to P2; anti-P2 reactive cells would receive less stimulation 
from chimeric cells with low concentrations of P2 antigens and should 
therefore require less active suppression. Thus tolerance might more 
easily be broken when P2 stimulation is provided by P2 skin grafts, 
or P2 splenocytes in culture. At this stage the experiments do not 
resolve between the two alternatives.
The number of animals in each chimera group described in this 
chapter was determined by (a) the number of mice that could be 
irradiated, reconstituted and grafted with foetal thymus in one day 
by one person, and (b) the rate of survival in conventional housing 
facilities of chimeras after irradiation and surgery. Even though the 
size of groups was too low for statistical analysis, the incidence 
of anti-parent reactivity and aberrant H-2 phenotypes was high enough
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to show that such abnormalities are not infrequent in chimeras. In 
the past, these aberrations were assumed to be a consequence of 
incomplete repopulation of the irradiated host by the donor cells, 
an assumption now known to be incorrect (O’Neill et al. 1983). It is 
evident from the results presented here that low expression of P2 
H-2 antigens occurs in (Pi x P2 )Fi Pi chimeras that possess a very 
fragile state of tolerance to non-host parental antigens, and that the 
maintenance of self tolerance is a function of the extrathymic host 
environment.
5.5 Summary
During differentiation within the thymus, the precursors of 
cytotoxic T cells acquire their antigen receptors which must be 
specific for self H-2 K or D antigens in association with a given 
foreign antigen yet non-reactive to self H-2 markers alone. Experiments 
with thymus-grafted radiation chimeras have implicated the H-2 type 
of the radioresistant portion of the thymus as determining self for 
H-2 restricted T cell responses. Hypotheses of a negative selection 
role for the thymus in T cell development have proposed that self 
tolerance is established by the removal of autoreactive T cells as 
they mature in the thymus, and maintained by suppressive mechanisms 
in the secondary lymphoid tissues.
In order to compare the relative contributions of the thymus and 
the extrathymic periphery in determining self tolerance and in modulating 
the H-2 phenotype of heterozygous chimeric spleen cells, radiation 
chimeras of three types, (1) (Px x P2)Fi -*■ Pi, (2) (Pi x P2 )Fi ->
(Pi x P2)Fi, and (3) Pi x P2 )Fi -> (P2 x Pa)Fi, were grafted with 
foetal thymuses from parental strain donors. As analysed by the
rosetting titres of anti-H-2 antisera on chimeric spleen cells, 
by parental skin graft rejection, and by spleen cell anti-parent 
cytotoxicity after culture with parental stimulators:
(i) Decreased levels of P2 antigens occurred in some (Pi x P2)Fi -* Pi 
chimeras and were associated with anti-P2 T cell reactivity, 
regardless of whether or not the aberrant chimera had been 
grafted with P2 thymus.
(ii) Tolerance to parental H-2 was not broken in (Px x P2)Fi -►
(Pi x P2)Fi chimeras transplanted with thymus lobes from either 
parental strain; altered H-2 antigen levels were not detected 
on their spleen cells.
(iii) In (Pi x P2)Fi (P2 x P3)Fi chimeras bearing P2 thymuses, splenic 
H-2 antigen phenotypes were the same as normal donor Fi hybrid 
spleen cells; Px skin grafts were rejected by some chimeras,
yet they did not mount anti-Pi cytotoxic responses in vitro.
From these results it was concluded that in semiallogeneic 
chimeras, the thymic contribution to self tolerance is much less 
significant than that of the periphery, and that the thymus is not 
responsible for modulating the expression of non-host H-2 K and D 
antigens on splenic lymphocytes. The relationship between aberrant H-2 
phenotypes and loss of tolerance to parental H-2 antigens is discussed 
in this chapter.
Legends for Table 5.1
(a) Percent 51Cr release of targets over a 16-hour period with 
spontaneous release (< 25%) subtracted. Means of triplicates 
given.
(b) Responses generated in vitro for 5 days with irradiated 
stimulator cells as described in Chapter 2.
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Table 5.1 A typical (CBA x B6)Fi cytotoxic T cell response to 
parental targets
Responder T c ^  
cells
% Specific lysis of PEC targets^*
Stimulator
cells
K:T
ratio CBA
(H-2k)
BIO.Br 
(H-2k)
C57B1/6J
(H-2b)
CBA B6 9:1 4.7 6.3 68.4
3:1 2.1 0.6 60.9
1:1 -1.1 -0.2 44.8
(CBA x B6)Fi(l) B6 9:1 4.0 3.7 10.3
3:1 2.0 3.2 4.9
1:1 1.7 0.5 1.9
(CBA x B6)Fi(2) B6 9:1 7.8 10.2 9.9
3:1 3.6 9.0 7.1
1:1 1.6 2.4 0.2
B6 CBA 9:1 57.6 48.9 -0.6
3:1 22.7 25.3 -3.4
1:1 12.3 15.8 -5.4
(CBA x B6)Fi (1) CBA 9:1 7.7 7.4 3.1
3:1 4.2 6.8 7.7
1:1 3.1 2.7 4.2
(CBA x B6)Fi(2) CBA 9:1 15.2 11.3 8.4
3:1 3.5 9.1 6.9
1:1 1.2 6.1 5.2
Legends for Table 5.2
* Significantly different from the Fi control.
(a) Titre is expressed as the reciprocal dilution of antiserum 
at which rosetting reached 50% of peak value.
(b) Maximum percent rosette-forming cells.
(c) Chimeras were thymectomised before irradiation and reconstitution 
as detailed in Chapter 2. All of the chimeras were grafted with 
foetal thymus lobes directly after reconstitution, and with B6 
tail skin 3 months later.
(d) Chimera 7 rejected its B6 skin graft at day 10 post-grafting.
No thymus graft could subsequently be found on the kidney at
the time of sacrifice of the mouse.
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Table 5.2 H-2 antigen expression of thymus grafted (CBA x B6)Fi -> CBA
chimeras bearing B6 skin grafts
, Titre  ^ of anti-H-2 sera on spleen cells^(% RFC)
Chimera^0' Thymus __________________________________________________
No. graft H-2 K
antigen:
k Dk Kb Db
Experiment 1
Fx control - 1280 (87) 640 (60) 640 (82) 640 (79)
1 CBA 1280 (84) 640 (57) 640 (78) 640 (81)
Experiment 2
Fx control - 640 (87) 640 (67) 640 (82) 640 (89)
2 CBA 960 (87) 640 (66) 480 (82) 320 (85)
3 CBA 480 (84) 640 (65) 480 (88) 320 (92)
Experiment 3
Fx control - 320 (86) 640 (67) 320 (78) 320 (79)
4 B6 320 (88) 640 (69) 320 (83) 320 (81)
5 B6 320 (82) 640 (71) 320 (87) 320 (80)
Experiment 4
Fx control - 640 (89) 640 (79) 640 (88) 320 (88)
6 B6 640 (92) 640 (74) 1920 (88) 640 (90)
7(d) B6 640 (86) 640 (80) *160 (23) *60 (54)
Experiment 5
Fx control - 1280 (94) 1280 (75) 960 (90) 480 (88)
8 (CBA x B6)F1 960 (86) 1280 (72) 640 (78) 480 (84)
9 (CBA x B6)F1 1280 (90) 1280 (70) 640 (91) 480 (91)
Experiment 6
Fx control - 320 (89) 240 (59) 120 (74) 160 (75)
10 (CBA x B6)Fx 320 (88) 240 (56) 160 (80) 160 (76)
11 (CBA x B6)Fx 160 (89) 160 (38) 120 (70) 80 (77)
12 (CBA x B6)Fx 160 (79) 120 (46) 120 (74) 80 (65)
Legends for Table 5.3
(a) and (b) as for (a) and (b) in Table 5.1
(c) Fi control was the same (CBA x B6)F! hybrid animal 
that was typed for H-2 antigens in the corresponding 
experiment in Table 5.2
(d) Chimera 7 had been grafted with B6 tailskin 3 months
after reconstitution and the graft had been rejected
in 10 days. This animal had also lost its B6 thymus
b btransplant and showed significantly reduced K and D
antigen levels on its spleen cells (see Table 5.2).
Table 5.3 Cytotoxicity against parental targets of thymus-grafted 
(CBA x B6)Fi -*• CBA chimeras bearing B6 skin grafts (from 
Table 4.2)
EXPERIMENT 1
Responder T c ^ Stimulator K:T
% specific lysis of PEC targets
cells cells ratio
CBA BALB/c H-2k C57B1/6J
Fi control^ CBA 9:1 7.9 11.8 4.0
3:1 3.8 5.4 5.3
1:1 2.9 2.6 0.4
Chimera 1 CBA 9:1 4.4 9.8 4.4
3:1 1.6 2.4 1.6
1:1 0.2 -1.9 -1.3
Fi control B6 9:1 5.9 11.5 -1.3
3:1 5.6 4.7 5.1
1:1 6.7 3.4 -3.0
Chimera 1 B6 9:1 8.8 9.3 7.5
Table 5.3 (continued)
EXPERIMENT 2
% specific lysis of PEC targets
Responder Tc Stimulator K:T _______________________________
cells cells ratio ,
CBA BALB/c H-2 C57B1/6J
Fi control CBA 9:1
3:1
1:1
Chimera 2 CBA 9:1
3:1
1:1
Chimera 3 CBA 9:1
3:1
1:1
Fx control B6 9:1
3:1
1:1
Chimera 2 B6 9:1
3:1 
1:1
B6 9:1
3:1 
1:1
6.8 2.2 5.3
3.2 1.0 2.1
2.9 1.3 1.9
6.4 -2.8 9.6
5.4 -3.4 4.5
-0.9 -4.3 2.2
5.1 -0.4 3.0
3.9 -2.5 1.5
-2.0 4.1 -2.0
3.1 3.4 5.7
2.6 3.1 3.8
2.4 1.7 2.1
5.8 4.7 6.3
4.2 4.3 4.2
1.5 3.1 0.9
5.2 4.8 7.1
1.8 2.9 3.9
-0.9 1.3 3.0
Chimera 3
Table 5.3 (continued)
EXPERIMENT 3
% specific lysis of PEC targets
Responder Tc Stimulator K:T ______________________________
cells cells ratio k
CBA C57B1/6J BALB/c H-2
Fi control CBA 9:1
3:1
1:1
Chimera 4 CBA 9:1
3:1
1:1
Chimera 5 CBA 9:1
3:1
1:1
Fx control B6 9:1
3:1
1:1
Chimera 4 B6 9:1
3:1 
1:1
B6 9:1
3:1 
1:1
6.0 6.1 5.1
4.0 3.6 5.1
6.6 1.9 -2.6
8.5 5.2 6.7
8.4 1.2 0.4
5.6 -5.2 -1.6
5.3 8.0 16.6
4.8 2.2 3.4
0.3 -0.9 -0.6
5.7 1.7 7.4
3.9 1.9 2.8
2.2 -5.5 0.7
6.5 15.1 14.2
4.0 4.9 3.5
2.5 2.1 1.5
6.3 8.3 6.7
4.3 2.2 -0.9
3.5 1.5 1.6
Chimera 5
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Table 5.3 (continued) 
EXPERIMENT 4
% specific lysis of PEC targets
Responder Tc 
cells
Stimulator
cells
K:T
ratio CBA B10.Br C57B1/6J
Fx control CBA 9:1 4.3 1.9 7.5
3:1 1.6 2.5 1.4
1:1 1.3 -1.0 2.9
Chimera 6 CBA 9:1 24.0 25.5 16.0
3:1 13.3 -3.8 4.5
1:1 14.0 -5.3 8.0
Chimera 7 CBA 9:1 8.7 10.4 14.9
3:1 5.3 5.2 11.3
1:1 2.2 -1.6 10.0
Fx control B6 9:1 6.3 6.2 10.9
3:1 3.8 3.1 5.0
1:1 3.3 -3.9 5.3
Chimera 6 B6 9:1 16.9 6.6 12.5
3:1 10.0 3.2 6.8
1:1 10.8 1.6 3.3
Chimera 7 ^ B6 9:1 19.2 1.7 71.5
3:1 10.8 -6.3 44.8
1:1 6.4 -1.7 14.1
CBA B6 9:1 5.2 0.0 47.7
3:1 7.1 -4.1 44.7
1:1 0.2 -1.1 41.5
B6 CBA 9:1 47.0 44.5 14.2
3:1 22.9 18.5 8.4
1:1 17.0 6.4 0.6
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Table 5.3 (continued) 
EXPERIMENT 5
% specific lysis of PEC targets
Responder Tc 
cells
Stimulator
cells
K:T
ratio
CBA BIO.Br C57B1/6J
F-l control CBA 9:1 10.9 8.8 6.4
3:1 8.3 4.6 5.0
1:1 5.2 3.9 4.1
Chimera 8 CBA 9:1 7.6 9.2 5.1
3:1 5.4 6.7 5.0
1:1 5.1 4.1 1.8
Chimera 9 CBA 9:1 4.2 5.8 3.9
3:1 4.6 3.1 4.2
1:1 1.8 -0.9 2.8
B6 CBA 9:1 60.9 58.3 12.8
3:1 42.1 35.5 8.6
1:1 10.4 12.9 4.1
F-l control B6 9:1 7.3 1.9 5.8
3:1 2.9 0.5 4.4
1:1 3.3 -0.1 0.2
Chimera 8 B6 9:1 11.5 7.6 7.6
3:1 5.4 1.2 2.2
1:1 2.6 0.5 3.2
Chimera 9 B6 9:1 9.8 8.1 8.7
3:1 5.2 3.4 5.6
1:1 3.9 1.5 4.8
CBA B6 9:1 12.8 11.3 65.8
3:1 5.0 3.5 36.7
1:1 1.6 -0.9 6.9
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Table 5.3 (continued) 
EXPERIMENT 6
Responder Tc 
cells
Stimulator K:T 
cells ratio
% specific lysis of 
CBA C57B1/6J
PEC targets 
BALB/c H-2
Fi control CBA 9:1 13.0 26.5 11.6
3:1 5.2 11.4 5.4
1:1 2.7 8.3 -0.1
Chimera 10 CBA 9:1 4.5 7.1 -1.0
3:1 -1.0 5.5 -0.6
1:1 -0.1 4.0 -2.6
Chimera 11 CBA 9:1 7.7 13.9 0.4
3:1 3.1 7.5 1.1
1:1 2.7 4.6 -3.8
Chimera 12 CBA 9:1 5.5 11.7 0.6
3:1 4.6 7.5 -0.1
1:1 -0.2 7.6 -3.4
B6 CBA 9:1 51.8 21.0 11.4
3:1 27.5 11.2 7.1
1:1 9.4 7.5 -1.0
F], control B6 9:1 9.3 21.2 11.2
3:1 -0.2 9.9 1.3
1:1 1.7 9.1 -0.8
Chimera 10 B6 9:1 6.2 10.8 -1.8
3:1 4.2 5.0 -7.8
1:1 1.8 3.3 -2.8
Chimera 11 B6 9:1 7.7 22.2 9.1
3:1 4.2 10.9 0.5
1:1 4.7 8.1 -5.3
Chimera 12 B6 9:1 6.4 11.5 5.0
3:1 3.1 10.6 2.1
1:1 2.0 8.3 0.4
CBA B6 9:1 15.6 64.4 62.2
3:1 12.4 41.4 30.4
1:1 6.6 15.7 10.0
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Table 5.4 H-2 antigen expression of (CBA x B6)Fx -* CBA chimeras
grafted with homozygous CBA and B6 thymus and skin
Chimera
No.
Thymus 
graftsk J
,(a)
Titre of anti-H-2 antisera on spleen cells 
(% RFC)(b)
H-2 Kk
antigen: Dk Kb Db
Fi control 2560 (92) 480 (76) 1280 (88) 480 (92)
1 CBA + B6 2560 (94) 480 (82) 960 (88) 480 (91)
2 CBA + B6 2560 (87) 320 (81) 1280 (86) 480 (92)
3td) CBA + B6«> 2560 (92) 480 (86) *40 (ND)-e- 60 (60)
* Significantly different from Fi control.
(a) and (b) as for Table 5.2
(c) Where thymus lobes of different strains were grafted together, the 
lobes were moved to opposite ends of the kidney so that they could 
be identified separately when examined macroscopically.
(d) Chimera 3 rejected the B6 but not the CBA skin graft at day 14 
after grafting. The B6 thymus graft was missing at the time of 
sacrifice.
(e) ND = not determined.
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Table 5.5 Cytotoxicity against parental target cells of (CBA x B6)Fx 
-> CBA chimeras grafted with thymus and skin from both CBA 
and B6 donors. (From Table 5.4)
Responder T c ^  
cells
Stimulator
cells
K:T
ratio
% specific lysis of 
CBA C57B1/6J
PEC targets' 
BALB/c H-2b
Fx control CBA 9:1 2.5 0.9 1.5
3:1 4.1 0.1 -1.0
1:1 -0.2 -1.4 -2.4
Chimera 1 CBA 9:1 -1.0 2.7 3.4
3:1 -3.4 2.2 1.9
1:1 -5.4 1.0 0.8
Chimera 2 CBA 9:1 2.9 4.1 3.6
3:1 1.1 3.0 1.9
1:1 0.4 1.3 1.4
Chimera 3 CBA 9:1 1.4 4.2 2.7
3:1 -0.6 2.3 0.8
1:1 -3.2 -0.5 - 0 . 1
Fi control B6 9:1 2.2 3.6 4.1
3:1 -1.4 2.1 1.8
1:1 -2.8 2.2 0.2
Chimera 1 B6 9:1 -1.4 2.5 -0.1
3:1 -1.9 0.5 0.6
1:1 -0.9 -2.8 -2.2
Chimera 2 B6 9:1 -5.3 -1.4 -4.0
3:1 -4.3 -1.9 -2.6
1:1 -3.3 -1.1 -0.3
Chimera 3 B6 9:1 9.0 57.6 51.8
3:1 2.4 27.9 28.0
1:1 -2.7 8.5 3.1
(a) and (b) as for (a) and (b) Table 5.1
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Table 5.6 H-2 antigen expression of (CBA x B6)F! -* B6 chimeras
grafted with both CBA and B6 thymuses and skin
Chimera
No.
Thymus
grafts
Titre"1 of anti-H-2 antisera^ (% R FC)^
(c) H-2 Kk
antigen: Dk Kb Db
Experiment 1
Fi control - 960 (89) 320 (64) 640 (79) 160 (78)
1 CBA + B6 *120 (33) *80 (46) 640 (81) 480 (84)
2 CBA + B6 *120 (ND) *60 (ND) 640 (88) 480 (74)
Experiment 2
Fi control - 960 (86) 480 (62) 480 (76) 240 (78)
3 CBA + B6 *80 (38) *120 (46) 480 (80) 240 (80)
4 CBA + B6 640 (84) 480 (61) 480 (81) 320 (86)
5 CBA + B6 *20 (ND) *80 (38) 480 (82) 320 (76)
* Significantly different from the Fi control.
(a) and (b) as for (a) and (b) Table 5.2
(c) Chimeras were grafted with both types of thymuses immediately after 
reconstitution. At the time of sacrifice only the B6 thymus grafts 
were present under the kidney capsule, except Chimera 4 which had 
both thymus grafts present and healthy. Chimeras 1, 2, 3 and 5 
also rejected CBA skin grafts, applied together with B6 skin 3 
months after reconstitution and rejected 8-13 days later.
ND = not determined.
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Table 5.7 Anti-parent cytotoxicity of (CBA x B6)Fx -> B6 chimeras 
grafted with both CBA and B6 thymuses and skin.
(From Table 5.6)^
EXPERIMENT 1
Responder T c ^ Stimulator K:T
% specific lysis of PEC targets^
cells cells ratio
CBA C57B1/6J BALB/c H-2b
Fi control CBA 9:1 6.8 14.5 2.5
3:1 4.9 10.8 0.1
1:1 6.6 5.1 -2.9
Chimera 1 CBA 9:1 33.7 11.1 0.9
3:1 12.5 9.5 9.6
1:1 1.8 4.9 -4.3
Chimera 2 CBA 9:1 44.9 15.0 4.0
3:1 31.8 12.9 -3.3
1:1 14.5 9.4 -4.5
Fx control B6 9:1 6.7 15.2 10.3
3:1 5.3 8.8 2.0
1:1 0.2 10.0 1.9
Chimera 1 B6 9:1 9.9 7.1 7.0
3:1 7.1 5.8 6.6
1:1 4.2 4.0 5.9
Chimera 2 B6 9:1 10.2 8.2 7.9
3:1 5.9 6.6 5.2
1:1 3.9 3.7 4.6
(a) and (b) as for (a) and (b) Table 5.1. 
(c) as for (c) Table 5.6 Cont...
Table 5.7 (continued) 
EXPERIMENT 2
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Responder Tc 
cells
Fx control
Chimera 3
Chimera 4
Chimera 5
Fx control
Chimera 3
Chimera 4
% specific lysis of PEC targets
Stimulator
cells
K:T
ratio
CBA C57B1/6J BALB/c H-2
CBA 9:1 2.4 1.2 6.2
3:1 0.8 -2.4 4.6
1:1 1.2 -4.1 1.0
CBA 3:1 37.9 1.8 -5.0
1:1 20.7 5.5 0.2
0.3:1 11.3 -2.1 -3.2
CBA 9:1 0.3 -1.1 -1.0
3:1 -2.0 -1.5 -4.0
1:1 -3.1 -1.7 -6.9
CBA 9:1 27.4 -0.1 -3.8
3:1 9.2 -2.2 -9.0
1:1 5.4 4.3 0.6
B6 9:1 5.5 0.7 -0.3
3:1 0.7 1.6 -4.9
1:1 0.0 0.2 -9.6
B6 3:1 1.0 0.8 -0.6
1:1 0.6 0.4 -2.4
0.3:1 -3.2 -1.0 -3.6
B6 9:1 6.8 2.8 -2.8
3:1 -1.2 1.1 -0.7
1:1 -0.6 1.1 -4.3
B6 9:1 -0.5 -2.2 -0.6
3:1 1.7 -0.6 -0.7
1:1 0.0 -3.2 -0.6
Chimera 5
Legends for Table 5.8
(a),(b) As for (a) and (b) in Table 5.2
(c) Chimeras had been thymectomised before irradiation and 
reconstitution as described in Chapter 2.
(d) Foetal thymus lobes (2 per parental type) were transplanted 
under the kidney capsule immediately after reconstitution and 
lobes from different parental strains were pushed to opposite 
ends of the kidney for later identification. All the thymus 
grafts in this table were healthy at the time the mice were 
sacrificed.
(e) Chimeras were grafted with tail skin from both parental strains 
together 3 months after reconstitution. All skin grafts in this 
table were healthy at the time of sacrifice.
*Significantly different from the Fi control.
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Table 5.8 H-2 antigen expression of thymus-grafted (CBA x B6)Fx ->
(CBA x B6)F! chimeras that had been grafted with parental tail 
skin
. . . Titre * of anti-H-2 antisera^ (% RFC)^
Chimera^ Thymus^  ^ Skin^ _____________________________________
No. graft graft
Kk Dk1 Kb Db1
Experiment 1
F. control - - 3480 (87) 10240 (73) 320 (62) 1920 (72)
1 CBA B6 2560 (89) 10240 (67) *1280 (78) 1920 (81)
2 CBA B6 2560 (86) 10240 (79) *1280 (72) 960 (82)
Experiment 2
Fx control - - 960 (88) 640 (70) 640 (82) 480 (88)
3 CBA B6 960 (78) 640 (65) 640 (76) 480 (80)
4 CBA B6 960 (85) 640 (68) 640 (82) 480 (82)
Experiment 3
Fi control - - 960 (85) 960 (80) 640 (77) 480 (86)
5 B6 CBA 1280 (85) 1280 (80) 640 (77) • 480 (84)
6 B6 CBA 960 (81) 960 (85) 640 (74) 480 (83)
Experiment 4
Fi control - - 1280 (92) 1280 (80) 960 (88) 640 (91)
7 B6 CBA 960 (84) 1280 (80) 960 (79) 640 (93)
8 B6 CBA 640 (88) 1280 (80) 1280 (93) 640 (93)
9 B6 CBA 1280 (91) 1280 (71) 960 (90) 640 (89)
Experiment 5
Fi control - - 480 (88) 320 (43) 640 (83) 320 (82)
10 CBA+B6 CBA+B6 480 (82) 320 (55) 640 (82) 320 (74)
11 CBA+B6 CBA+B6 480 (89) 240 (89) 480 (57) 320 (73)
12 CBA+B6 CBA+B6 320 (79) 240 (55) 480 (78) 320 (76)
Experiment 6
Fi control - - 640 (90) 960 (73) 480 (97) 640 (82)
13 CBA+B6 CBA+B6 640 (94) 960 (80) 480 (89) 640 (88)
14 CBA+B6 CBA+B6 640 (86) 960 (80) 480 (87) 640 (84)
1 4 4 .
Table 5.9 Anti-parent cytotoxicity of thymus-grafted
(CBA x B6)F! -> (CBA x B6)Fi chimeras that had been grafted 
with parental tail skin. (From Table 5.8)
EXPERIMENT 1
Responder T c ^  
cells
Stimulator
cells
K:T
ratio
% specific lysis of PEC 
CBA BALB/c H-2k
(a)targets
C57B1/6J
Fi control CBA 9:1 20.9 14.9 14.8
3:1 16.2 4.8 4.6
1:1 6.5 1.2 5.0
Chimera 1 CBA 9:1 11.4 17.8 12.6
3:1 8.1 3.3 3.2
1:1 6.8 0.4 -1.7
Chimera 2 CBA 9:1 20.5 17.1 19.8
' 3:1 13.9 4.4 6.4
1:1 8.7 0.7 3.8
Fi control B6 9:1 32.6 33.0 44.2
3:1 8.3 10.4 23.1
1:1 8.5 7.2 5.2
Chimera 1 B6 9:1 18.8 27.6 31.8
3:1 15.9 18.7 21.7
1:1 15.8 15.3 18.3
Chimera 2 B6 9:1 21.0 19.5 29.4
3:1 15.9 14.3 18.7
1:1 17.2 8.5 12.7
(a),(b) As for (a) and (b) Table 5.1
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Table 5.9 (continued) 
EXPERIMENT 2
Responder Tc Stimulator K:T
% specific lysis of PEC targets
cells cells ratio
CBA C57B1/6J
*L
BALB/c H-2
Fi control CBA 9:1 10.7 21.6 19.8
3:1 8.4 15.8 13.2
1:1 4.3 7.4 6.7
Chimera 3 CBA 9:1 5.6 22.5 15.2
3:1 3.4 13.0 17.5
1:1 -1.7 4.5 6.1
Chimera 4 CBA 9:1 14.6 25.2 20.7
3:1 9.5 21.8 18.4
1:1 3.0 15.1 11.5
Fx control B6 9:1 18.6 17.9 11.9
3:1 7.2 8.8 9.2
1:1 3.4 2.1 6.0
Chimera 3 B6 9:1 15.4 14.9 13.6
3:1 5.4 9.4 9.7
1:1 1.2 2.6 5.3
Chimera 4 B6 9:1 23.7 23.3 11.5
3:1 6.1 11.5 9.6
1:1 2.2 2.8 6.5
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Table 5.9 (continued) 
EXPERIMENT 3
Responder Tc Stimulator K:T
% specific lysis of PEC targets
cells cells ratio
CBA C57B1/6J BALB/c H-2
Fi control CBA 9:1 5.0 0.6 6.1
3:1 1.7 -0.9 0.3
1:1 0.3 -3.4 0.3
Chimera 5 CBA 9:1 11.3 16.3 13.9
3:1 2.5 0.0 0.8
1:1 0.0 -1.3 -1.8
Chimera 6 CBA 9:1 19.0 13.7 20.6
3:1 1.8 -1.9 0.7
1:1 1.1 -2.6 1.0
Fi control B6 9:1 4.1 6.8 2.9
3:1 4.6 4.8 -2.8
1:1 1.0 1.7 -5.1
Chimera 5 B6 9:1 10.9 11.1 16.9
3:1 3.3 -0.5 7.2
1.1 -0.5 -2.9 1.5
Chimera 6 B6 9:1 12.4 10.8 15.2
3:1 4.3 10.0 4.5
1:1 0.4 -4.1 1.0
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Table 5.9 (continued) 
EXPERIMENT 4
Responder Tc Stimulator K:T 
cells cells ratio
Fx control CBA 9:1
3:1
1:1
Chimera 7 CBA 9:1
3:1
1:1
Chimera 8 CBA 9:1
3:1
1:1
Chimera 9 CBA 9:1
3:1
1:1
Fx control B6 9:1
3:1
1:1
Chimera 7 B6 9:1
3:1
1:1
Chimera 8 B6 9:1
3:1 
1:1
B6 9:1
3:1 
1:1
% specific lysis of PEC targets
CBA C57B1/6J BALB/c H-2
4.6 5.9 5.3
6.3 2.4 3.6
3.6 0.5 1.2
5.1 6.2 3.8
3.3 4.9 4.6
3.2 1.8 2.2
4.2 2.8 1.2
5.1 4.5 0.6
3.4 0.7 2.0
3.1 3.4 4.8
0.8 3.1 2.0
-1.1 1.8 1.0
4.5 6.4 4.3
1.5 2.2 2.5
4.1 0.7 2.0
4.0 5.8 2.2
2.6 3.7 3.1
-0.7 1.6 -1.3
4.9 3.0 1.8
3.1 1.7 -0.2
2.5 -2.1 -2.5
5.2 3.3 2.7
2.6 2.0 0.0
3.1 -3.2 -0.8
Chimera 9
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Table 5.9 (continued)
EXPERIMENT 5
% specific lysis of PEC targets 
Responder Tc Stimulator K:T _______________________________
cells cells ratio
CBA B10.Br C57B1/6J
Fx control CBA 9:1 3.4 3.9 3.2
3:1 1.7 -0.2 3.0
1:1 0.6 -0.2 -1.0
Chimera 10 CBA 9:1 7.7 6.2 11.2
3:1 1.8 4.7 4.5
1:1 0.3 1.2 3.2
Chimera 11 CBA 9:1 9.1 7.6 12.7
3:1 5.3 2.4 4.9
1:1 1.4 -0.6 2.3
Chimera 12 CBA 9:1 12.1 8.9 14.9
3:1 3.8 2.2 2.8
1:1 4.7 2.9 3.5
B6 CBA 9:1 44.0 43.5 12.1
3:1 14.0 14.5 4.3
1:1 7.0 2.3 1.5
Fx control B6 9:1 6.1 6.7 7.7
3:1 3.0 2.3 2.8
1:1 1.0 1.2 0.4
Chimera 10 B6 9:1 8.5 4.9 9.2
3:1 3.8 2.8 2.9
1:1 1.0 -0.1 2.3
Chimera 11 B6 9:1 15.0 12.3 18.9
3:1 6.1 2.6 4.3
1:1 2.2 2.6 2.2
Chimera 12 B6 9:1 3.4 10.2 16.6
3:1 6.4 0.9 5.4
1:1 2.9 2.5 2.7
CBA B6 9:1 11.9 6.9 52.2
3:1 5.5 3.1 20.4
1:1 1.6 0.8 8.9
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Table 5.9 (continued) 
EXPERIMENT 6
Responder Tc 
cells
Stimulator
cells
K:T
ratio
% specific lysis of PEC targets
CBA B10.Br C57B1/6J
F ! control CBA 9:1 19.8 18.9 19.2
3:1 8.8 7.5 8.8
1:1 6.7 0.3 6.4
Chimera 13 CBA 9:1 30.3 22.3 15.0
3:1 12.5 10.7 8.3
1:1 8.7 4.7 2.9
Chimera 14 CBA 9:1 23.9 14.9 9.2
3:1 7.6 6.9 5.0
1:1 5.6 0.1 1.3
B6 CBA 9:1 81.0 66.2 20.9
3:1 52.2 50.3 14.0
1:1 22.0 19.4 6.8
Fi control B6 9:1 16.4 13.4 18.6
3:1 8.3 8.6 10.5
1:1 5.0 2.8 5.1
Chimera 13 B6 9:1 21.8 18.7 25.7
3:1 10.9 8.1 9.9
1:1 6.5 2.7 0.3
Chimera 14 B6 9:1 21.6 17.8 14.9
3:1 10.2 7.0 4.2
1:1 5.2 2.5 4.0
CBA B6 9:1 26.1 20.5 65.9
3:1 8.2 5.6 63.7
1:1 5.6 0.6 34.4
Legends for Table 5.10
(a),(b) As for (a) and (b) Table 5.2
(c) (BALB/c x CBA)Fx ->(CBA x B6)Fi chimeras were grafted with CBA 
foetal thymus lobes immediately after reconstitution as 
described in Chapter 2. Four months later they were grafted with 
tail skin from both BALB/c and B6 donors. At the time of 
sacrifice all the thymus grafts were healthy, as were all the 
skin grafts, except for the BALB/c skin graft on Chimera 3 
which had been rejected at 21 days.
(d) (BALB/c x B6)Fx -* (CBA x B6)Fx chimeras were given B6 thymuses. 
After four months BALB/c and CBA skin was grafted onto each 
chimera. All the CBA skin grafts remained healthy whereas all 
the BALB/c grafts were rejected in 25-28 days. Thymus trans­
plants were all healthy at the time of sacrifice.
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Table 5.10 H-2 antigen expression of (Pi x P2)Fi -* (P2 x P3)Fi
semiallogeneic chimeras bearing P2 thymus and grafted 
with Pi and P3 tail skin
-1 fa')Titre of anti-H-2 sera on spleen cells^ J
Chimera type: (% RFC)Cb)
(BALB/cxCBA)Fi->(CBAxB6)Fil J __________________________________________
T,k ^k _.d ~dH-2 antigen: K D K D
Experiment 1
(BALB/c x CBA)Fi control 320 (80) 320 (68) *80 (ND) *20 (ND)
Chimera 1 240 (61) 160 (40) 160 (65) 160 (77)
Chimera 2 320 (61) 160 (50) 240 (69) 120 (85)
Chimera 3 320 (65) 160 (45) 160 (70) 160 (77)
Experiment 2
(BALB/cxB6)F^(CBAxßö)F i ^ Kb Db Kd Dd
(BALB/c x B6)F control 480 (89) 640 (79) 160 (86) 960 (84)
Chimera 4 +1280 (85) 960 (82) 240 (90) 640 (92)
Chimera 5 +1280 (90) 960 (89) 240 (90) 640 (92)
Chimera 6 +1280 (91) 960 (84) 160 (86) 640 (94)
* Aberrant levels on Fx control.
t Marginally different (3-fold higher) from Fx control.
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Table 5.11 Cytotoxicity against non-thymic H-2 targets of
(Px x P2)Fi -> (P2 x P3)F! chimeras bearing P2 thymuses 
and grafted with Px and P3 tail skin. (From Table 5.10)
EXPERIMENT 1 ^
Responder T c ^  
cells
Stimulator
cells
K:T
ratio
% specific lysis of PEC targets^ 
C57B1/6J BALB/c BALB/c H-2b
(BALB/c x CBA)Fx BALB/c 9:1 10.2 29.5 11.3
3:1 4.8 13.6 7.4
1:1 2.4 0.7 5.7
Chimera 1 BALB/c 9:1 5.2 -1.6 3.3
3:1 3.1 7.0 7.8
1:1 0.3 4.1 4.5
Chimera 2 BALB/c 9:1 7.9 1.0 3.3
3:1 6.3 -3.0 1.2
1:1 2.9 -3.3 0.7
Chimera 3 BALB/c 9:1 7.1 1.4 1.5
3:1 4.0 -2.6 2.1
1:1 -0.3 -2.6 0.5
B6 BALB/c 9:1 10.6 58.2 3.9
3:1 4.3 32.5 1.9
1:1 3.5 7.7 -1.2
(BALB/c xCBA)Fx B6 9:1 25.9 3.9 19.4
3:1 9.7 -2.5 7.4
1:1 4.2 -2.4 0.7
Chimera 1 B6 9:1 3.4 2.2 1.4
3:1 2.1 5.0 -1.8
1:1 0.7 1.8 -2.3
Chimera 2 B6 9:1 1.8 0.7 1.6
3:1 0.6 -1.4 1.5
1:1 0.4 -2.0 -0.9
Chimera 3 B6 9:1 2.9 -1.3 1.3
3:1 1.0 -4.4 0.5
1:1 -0.2 -4.3 -1.5
BALB/c B6 9:1 60.0 3.3 64.8
3:1 36.1 0.5 34.0
1:1 17.2 1.6 13.5
(a),(b) As for (a) and (b) Table 5.1. (c) As for (c) in Table 5.10
Table 5.11 (continued)
EXPERIMENT 2 ^
Responder Tc 
cells
Stimulator
cells
K:T
ratio
% specific lysis of PEC targets 
CBA BALB/c BALB/c H-2k
(BALB/cx B6)F CBA 9:1 18.8 8.7 14.7
3:1 6.7 6.3 5.3
1:1 2.5 1.3 5.1
Chimera 4 CBA 9:1 11.2 6.8 11.2
3:1 5.5 2.7 5.0
1:1 2.4 3.0 4.4
Chimera 5 CBA 9:1 18.2 11.1 17.5
3:1 8.3 2.0 7.8
1:1 5.9 0.0 4.9
Chimera 6 CBA 9:1 26.1 19.5 23.0
3:1 7.2 6.6 9.9
1:1 1.2 3.1 2.4
BALB/c CBA 9:1 87.5 20.7 68.1
3:1 85.9 11.6 62.9
1:1 68.9 3.0 46.9
(BALB/c x B6)F BALB/c 9:1 12.4 12.7 9.4
3:1 5.5 7.8 3.9
1:1 5.9 2.6 2.3
Chimera 4 BALB/c 9:1 12.0 19.7 7.7
3:1 3.6 8.8 3.5
1:1 1.2 2.1 2.1
Chimera 5 BALB/c 9:1 8.8 10.6 5.8
3:1 6.3 4.7 4.6
1:1 2.4 4.1 2.0
Chimera 6 BALB/c 9:1 19.0 14.8 7.0
3:1 6.3 7.4 7.3
1:1 9.7 2.1 5.9
CBA BALB/c 9:1 20.0 64.2 21.1
3:1 8.6 50.7 9.7
1:1 4.3 25.8 7.3
(d) As for (d) in Table 5.10
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Table 5.12 H-2 antigen expression of (BALB/c x CBAJFi -* (BALB/c x CBA)F!
fa)chimeras bearing BALB/c thymuses and grafted with CBA skin^ J
Chimera No.
Titre 1 of anti-H-2 sera on spleen c e l l s ^ (% R F C ) ^
H-2 antigen:: Kk Dk Kd Dd
(BALB/cxCBA)Fi control (A) 480 (74) 320 (55) 160 (80) 640 (89)
(BALB/c xCBA)Fi control (B) 480 (72) 320 (57) 160 (86) 480 (87)
Chimera 7 640 (70) 320 (55) 120 (85) 640 (91)
Chimera 8 640 (75) 320 (58) 120 (83) 640 (94)
(a) Chimeras were grafted with CBA skin only at 6 months post
reconstitution. Both thymus and skin grafts were all healthy 
at the time of sacrifice.
(b), (c) As for (a) and (b) Table 5.2
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Table 5.13 Cytotoxicity against non-thymic parental H-2 targets
of (BALB/c x CBA)FX -> (BALB/c x CBA)Fi chimeras bearing 
BALB/c thymuses and grafted with CBA s k i n ^  (From Table 5.12)
EXPERIMENT 3 ^
Responder Tc 
cells
Stimulator
cells
K:T
ratio
% specific lysis of PEC targets^ 
CBA BALB/c BALB/c H-2b
(BALB/c xCBA)Fl(A) CBA 9:1 51.7 34.5 21.5
3:1 15.7 8.0 0.4
1:1 4.1 2.9 -0.1
(BALB/c x CBA)Fi (B) CBA 9:1 46.2 46.5 23.9
3:1 26.7 17.3 3.3
1:1 3.5 4.0 -2.2
Chimera 7 CBA 9:1 -0.8 3.7 0.6
3:1 -3.4 -0.6 -3.6
1:1 -4.3 -2.6 -3.2
Chimera 8 CBA 9:1 13.1 32.7 19.7
3:1 1.7 9.3 2.7
1:1 -0.5 1.4 -1.2
FX(A) BALB/c 9:1 51.9 77.2 42.6
3:1 22.8 39.5 5.8
1:1 3.8 5.3 -0.9
F, (B) BALB/c 9:1 36.3 59.7 27.2
3:1 13.4 31.8 7.8
1:1 0.6 5.4 -3.5
Chimera 7 BALB/c 9:1 -1.2 10.8 -0.9
3:1 0.7 4.3 -2.5
1:1 -0.2 1.2 -3.1
Chimera 8 BALB/c 9:1 12.0 30.3 10.0
3:1 2.3 15.4 2.6
1:1 -1.6 3.0 -3.9
(a) As for (a) Table 5.12; (b) and (c) As for (a) and (b) Table 5.1
CHAPTER 6
H-2 RESTRICTION AND H-2 PHENOTYPES OF SPLEEN CELLS FROM 
THYMUS-GRAFTED RADIATION CHIMERAS: EVIDENCE CONSISTENT
WITH INTRATHYMIC NEGATIVE SELECTION AND EXTRATHYMIC SUPPRESSION
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6.1 Introduction
Ever since the H-2 restricted nature of murine cytotoxic T cell 
responses against viruses, minor histocompatibility antigens and haptens 
was first defined (Doherty et at. 1976), it has been clear that unlike 
B cells, T cells require cell-cell contact to function in immune 
responses. T cell antigen receptors, which are exquisitely specific 
for self H-2 determinants and also recognise the foreign antigen, must 
acquire the ability to discriminate between self and non-self H-2 markers 
at some stage during their differentiation from stem cell precursors 
to mature immunocompetent T cells (Katz et at. 1978).
Both the radiation chimera model and the athymic nude mouse 
system have been used to investigate where and when H-2 restriction 
specificity of the observed Tc cell response is established. H-2 
restricted responses in (Pi x P2 )Fi -> Pi chimeras are biased to variable 
extents towards the H-2 type of the host (Pi) (Bevan 1977a, Zinkernagel 
et at. 1978b, Blanden § Andrew 1979), and from experiments on thymus- 
grafted chimeras, the thymic environment has been implicated as deter­
mining this bias of H-2 antigen specificity (Bevan $ Fink 1978,
Zinkemagel et at. 1978b). Similar results have been observed in 
(Pi x P2)Fi nude mice that had received parental thymus transplants 
(Zinkernagel et at. 1979, Lake et at. 1980).
Yet propositions that the H-2 type of the thymus solely defined 
H-2 restriction patterns for Tc cell antigen recognition have been 
contradicted by the following anomalous results: although Pi-»- (Pi x P2 )Fi
radiation chimeras show restriction to both Pi and P2 H-2 (Pfizenmaier 
et at. 1976, von Boehmer $ Haas 1976, Zinkernagel 1976), athymic nude 
Pi mice given (Pi x P2 )Fi or P2 thymuses mount antiviral Tc cell 
responses restricted to Pi (Zinkernagel et at. 1980, Lake et at. 1980).
Furthermore, Tc cells, derived from Pi bone marrow that differentiated 
in a P2 thymus within a (Pi x P2)Fi host, can respond to infected cells 
of both ?1 and P2 H-2 types (Stockinger et al. 1980, Wagner et al. 1980).
Cytotoxic T cell function is affected by the type of H-2 molecular 
determinants with which a given foreign antigen is presented, but also 
by the concentration of the appropriate H-2 antigens on the infected 
stimulating and target cell membranes (O’Neill § Blanden 1979). Flow 
microfluorimetry analysis of thymocytes from radiation chimeras has 
shown (i) the acquisition of host H-2 and I-A determinants on Pi ->
(Pi x P2)Fi and Pi -> P2 chimeric cells, and (ii) the reduction of donor 
I-A determinants on cells from (Pi x P2)Fi -> Pi and Pi P2 chimeras 
(Sharrow et al. 1981). Evidence presented in Chapter 3 and elsewhere 
(Blanden et al. 1981, O ’Neill et al. 1983) has demonstrated that H-2 K 
and D antigen expression on the spleen cells of (Pi x P2)Fi Px chimeras 
can be very different from that of normal (Px x P2)F! hybrid cells; 
often the cell membrane concentration of P2 antigens is much reduced, 
even though the chimera is fully reconstituted with donor cells.
It is possible that the H-2 antigenic variations observed on 
chimeric lymphocytes reflects or causes the bias in H-2 restriction ob­
served above. Yet data presented in Chapter 5 have indicated that the 
extrathymic host environment has a greater influence than the thymus 
itself on the H-2 phenotype of chimeric spleen cells. Experiments 
presented in this chapter were designed to reassess the thymic bias 
observed in H-2 restricted antiviral Tc cell responses, using thymus- 
grafted radiation chimeras, and to correlate any bias with altered 
chimeric H-2 K and D antigen phenotypes.
6.2 Materials and Methods
These are as described in Chapter 2. A diagram of the production
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and analysis of the thymus-grafted chimeras is given in Figure 6.1. 
Examination of the thorax at the time the chimeras were sacrificed 
revealed all thymectomies to be complete, and all thymus grafts were 
healthy unless indicated otherwise.
6.3 Results
6.3.1 Immunisation with extromelia virus does not alter the H-2 
phenotype of Fi hybrid spleen cells
Thymectomised, foetal liver reconstituted chimeras of three 
combinations, (CBA x B6)Fx -* CBA, (CBA x B6)Fi -> B6 and (CBA x B6)Fi -* 
(CBA x B6)Fi, were grafted with parental or (CBA x B6)Fi hybrid thymuses 
in order to examine firstly the relationship between H-2 antigen pheno­
types and the H-2 restriction patterns of chimeric T cells, and secondly 
the extent of thymus-induced bias in H-2 restricted responses to ectro- 
melia virus in spleen cells from (Px x P2)Fi -* Px chimeras. For 
convenience, the chimeras were hemisplenectomised so that their levels 
of H-2 K and D antigens could be analysed before they were primed with 
virus. Table 6.1 gives the anti-H-2 antisera titres of spleen cells 
from (CBA x B6)Fx mice that had been injected with attenuated ectromelia. 
Virus immunisation did not alter their H-2 phenotypes as compared with 
unprimed syngeneic Fx cells. On the basis of these data, the H-2 
phenotypes of the thymus-grafted chimeras at the time they were cultured 
for secondary antiviral responses were assumed to be the same as those 
detected before immunisation, as described in this chapter.
6.3.2 (CBA x B6)Fx T cell cytotoxicity in secondary anti-ectromelia 
virus responses
Normal (CBA x B6)Fx hybrids were used as standard controls for
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the secondary in vitro antiviral responses of chimeras reported in this 
chapter. Typical (CBA x B6)Fi spleen cell cytotoxicity against 
ectromelia-infected targets, as shown in Table 6.2, is restricted equally 
to both CBA and B6 H-2, and is of the same magnitude as homozygous 
CBA and B6 anti-ectromelia secondary responses.
6.3.3 The thymus influences chimeric spleen cell H-2 restriction
patterns but not H-2 antigen expression
The grafting of non-syngeneic thymuses into semiallogeneic 
(Pi x P2)Fi -> Pi chimeras permits a comparison of thymus with the 
extrathymic host environment in affecting lymphoid cell function and 
H-2 antigen expression. Spleen cells from (CBA x B6)Fi ■> CBA chimeras, 
which had received CBA or B6 thymus grafts, showed no phenotype aberrations 
when typed for H-2 antigen levels by rosetting (Table 6.3). However, 
their anti-ectromelia responses showed a preference in restriction to 
various degrees towards the thymic H-2 type (Table 6.4): when the
thymus was CBA, the chimeras showed marginally (Chimeras 2 and 3) or 
significantly (Chimera 1) better killing of infected CBA targets than 
B6 targets in comparison with the Fi control; when B6 thymuses were 
grafted, the H-2 restriction preference towards B6 was marginal(Chimeras 
5, 6 and 7) or undetectable (Chimera 4). The CBA host environment was 
possibly affecting the observed bias. Overall, the response patterns of 
the chimeras were far more similar to those of (CBA x B6)Fi hybrids than 
to the homozygous parental strain mice (Table 6.2).
The H-2 phenotypes of (CBA x B6)Fi -* CBA chimeras grafted with 
(CBA x B6)Fi or both CBA and B6 thymuses were again the same as the 
normal Fi hybrid controls (Table 6.5), except where these control animals 
expressed abnormally low levels of K*3 antigens. In Experiments 2 and 4
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where the Fx controls themselves were aberrant, the chimeras were 
assumed to have normal H-2 phenotypes. -AH: these chimeras (Tables
S «? d *^-0 j C
6.6 and 6.7) did net-show any preference of lysis for infected targetsA
of either parental H-2 type, indicating that in this semiallogeneic
system the CBA host environment had little influence on bias in H-2
restriction patterns. Of interest in these results was: (i) all
of the chimeras in Tables 6.6 and 6.7 lysed uninfected parental targets
markedly less than did the Fi controls; (ii) when the chimeras had
ihf e<J
(CBA x B6)Fi thymuses (Table 6.6), their spleen cells lysed^ CBA and B6 
targets better than the Fi control did, yet when B6 and CBA thymuses were 
grafted together into the chimeras (Table 6.7), H-2 restricted killing 
of infected parental targets was similar to the Fx controls, or in the 
case of Chimeras 8 and 9 was reduced, with some bias towards the CBA 
host in Chimera 8; (iii) incidental alloreactivity against third-party 
targets was at least as high as the Fx control when Fx thymuses were 
present in the chimeras, but lower than the Fi control when the chimeras 
carried thymuses of both parental types. It appeared that alloreactive 
cells were more effectively removed or suppressed in the chimeras grafted 
with parental thymuses together that were allogeneic to each other than 
in the chimeras with Fi thymuses.
In Chapter 5, a distinct difference was noted in tolerance of 
semiallogeneic chimeras to parental H-2 antigens, depending upon the 
host strain used to construct the chimeras. The possibility existed that 
thymic bias may also be influenced by inherent strain differences. 
Therefore, (CBA x B6)Fi -> B6 chimeras were implanted with both CBA and 
B6 thymus tissue together. These chimeras displayed normal H-2 antigen 
levels, with the exception of Chimera 3 (Table 6.8) which was found to 
have lost its CBA thymus. Chimera 3 expressed much reduced amounts of 
H-2 class I antigens, and in a secondary antiviral response, its T cells
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lysed infected B6 targets more than uninfected B6 targets , to the same 
degree as the Fi control and the other chimeras of the same batch.
However, it lysed uninfected CBA cells as much as infected CBA targets, 
so that if there was any virus-specific Tc activity restricted to CBA 
it could not be detected. Chimera 3 had lost tolerance to CBA antigens, 
which was reflected in its H-2 phenotype. From the remaining Chimeras 
1, 2 and 4, it appeared that the B6 host environment, as observed for 
CBA, did not cause H-2 restriction preferences in T cells from (Px x P2)Fi 
-* Pi chimeras.
In order to examine more precisely the extent of thymus-induced 
preference in H-2 restriction, (CBA x B6)Fi -* (CBA x B6)Fi chimeras 
received foetal thymus lobes from CBA, or B6, or both CBA and B6 donors.
As shown in Table 6.10, none of these syngeneic chimeras displayed notable 
fluctuations in the expression of parental H-2 K and D antigens. Chimeras 
that received only one type of thymus showed definite preference for 
lysis of targets of the thymic H-2 type: where the thymus was CBA
(Table 6.11), the imbalance was always present and in the case of 
Chimera 4 seemed to show absolute restriction to CBA targets, i.e. to a 
degree equivalent to that of a homozygous CBA Tc cell response (see 
Table 6.2); if the thymus was B6 (Table 6.12), restricted killing was 
significantly better on B6 targets than on CBA, indicating that by 
simply reversing the parental H-2 of the thymus, the bias in restriction 
could also be reversed, though it seemed less pronounced than with the 
CBA thymus.
Table 6.13 shows the H-2 restricted cytotoxicity of syngeneic 
heterozygous chimeras that had received thymic transplants of both parental 
types. Cells from all these chimeras lysed virus-infected parental 
targets less efficiently than the Fx control; restricted killing on CBA
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targets was better than on B6 targets. These results are similar to 
those observed with Chimeras 3 and 9 in Table 6.7, and indicate that 
the bias towards the host H-2 type in H-2 restricted responses of 
(Pi x P2)F! -> Pi chimeras are determined mainly by the thymus.
6.3.4 H-2 restriction patterns are not exclusively defined by the
H-2 type of the thymus
It was important in analysing non-thymic H-2 influences on T cell 
H-2 restriction patterns to compare the contributions of the extrathymic 
host environment and the stem cell H-2 genotype towards H-2 restriction 
biases in (Pi x ?2)Fi Pi chimeras. Therefore (Pi x P2)FX -*■ (P2 x P3)Fi 
semiallogeneic chimeras were given P2 thymuses, and the influences of Pi 
and P3 on cytotoxic T cell responses were examined. (CBA x BALB/c)Fi -> 
(CBA x BALB/c)Fi chimeras grafted with BALB/c thymuses were analysed first 
(a) to show that the bias in H-2 restriction towards the thymic H-2 
haplotype also occurred in our hands in a strain combination other than 
that of CBA and B6, and (b), to provide a standard for anticipated 
restriction to non-thymic parental H-2 types. As seen in Table 6.14, 
secondary anti-viral cytotoxicity by (CBA x BALB/c)Fx -> (CBA x BALB/c)Fx 
chimeras with BALB/c thymuses was low but detectable on infected CBA 
targets, and on infected BALB/c targets it was uniformly superior to 
the (CBA x BALB/c)Fi control. Then spleen cells from (CBA x BALB/c)Fi -> 
(CBA x B6)Fi chimeras given CBA thymuses lysed infected CBA targets less 
effectively than the Fi control, and there was no detectable lysis of 
infected B6 or BALB/c cells (Table 6.15). T cells from (B6 x BALB/c)Fx -> 
(CBA x B6)Fi chimeras with B6 thymuses (Table 6.16) were slightly less 
cytotoxic on B6 targets than the (B6 x BALB/c)Fx control; reactivity 
against infected BALB/c targets was reduced by about 3-fold relative to
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the Fi control (in terms of killer:target ratios), whereas lysis on 
infected CBA targets was barely detectable. In both Tables 6.15 and 
6.16, T cell responsiveness to the virus in association with host H-2 
antigens not expressed in the thymus was absent, yet in Table 6.16 there 
was some reactivity restricted to the parental H-2 type of the donated 
lymphomyeloid system that was also not present in the thymus. Thus, 
if H-2 restriction was "learned" by T cells, the instructional process 
was not completely controlled in these chimeras by the thymus or by the 
host’s peripheral environment. In Tables 6.14 - 6.16, killer:target ratios 
higher than 3:1 were not included in these experiments because of low 
yields of responder cells after culture. The reason for this is not known. 
Because the chimeric spleen cells were not stimulated here with virus 
in association with host-defined H-2 antigens (i.e. (P2 x P3)F! cells), 
due to insufficient numbers of spleen cells from the chimeras after hemi- 
splenectomy, it was not possible here to determine more precisely the 
extent of extrathymic host H-2 influences on Tc cell H-2 restriction 
patterns.
6.4 Discussion
Experiments in this chapter were designed to assess the extent 
of thymus involvement in determining Tc cell H-2 restriction specificities 
of thymus-grafted semiallogeneic radiation chimeras, and to correlate 
any functional modifications dictated by the thymus with H-2 K and D 
antigen expression of chimeric splenic lymphocytes. A preference towards 
the H-2 type of the thymus in H-2 restricted responses to ectromelia 
virus infection of chimeras was indeed observed; the extent of bias ranged 
between undetectable and absolute from chimera to chimera. None of the 
animals tested showed alterations in splenocyte H-2 antigen concentrations
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that corresponded to the thymic bias observed in H-2 restriction patterns.
The results described here have strong implications for the 
development and nature of T cell recognition capabilities with respect to 
thymic function. In Chapter 5, two alternative models of positive 
selection and negative selection of T cell receptor repertoires within 
the thymus were outlined. Positive selection theories (Langman 1978, von 
Boehmer et at. 1978), based on the report that Tc cell receptors restricted 
to a given H-2 antigen are selected during T cell ontogeny by the H-2 
determinants expressed on non-lymphoid tissues of the thymus (Zinkernagel 
et at. 1978c), predict that Tc cells would be restricted to the H-2 type 
of the thymus, excluding any other restriction specificities except those 
occurring cross-reactively. From the experiments presented here, fluctu­
ations evident in the bias of restricted splenic Tc cell responses from 
(Pi x P2)Fi -> Pi chimeras towards the thymic H-2 type are similar to the 
findings of other reports (Bevan 1977a, Bevan £ Fink 1978, Blanden §
Andrew 1979), and are not compatible with the positive selection theory.
Instead, the data support a negative selection role for the 
thymus (Jerne 1971, Janeway 1976, Blanden § Ada 1978): elimination of
T cell precursors with receptors reactive against self H-2, as determined 
by the H-2 antigens expressed on the thymus, would not require T cells 
to be solely responsive to thymic H-2 in association with a foreign 
antigen. The T cells might well be restricted to parental non-thymic 
H-2 present on lymphomyeloid progeny of the donor stem cells, to parental 
H-2 expressed by the extrathymic host tissues, or even to allo-H-2 
not present in the animal, as has been demonstrated (Thomas § Shevach 
1977, Wilson et al. 1977, Doherty § Bennink 1979a,b). The T cells 
need only be non-reactive to self H-2 as defined in the first instance 
by the thymus in which they differentiate. As demonstrated in this 
chapter, (Pj. x P2)Fi -*■ Pi chimeras can show a strong preference in H-2
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restriction towards the thymic H-2 type. (Pi x P2)Fi -* (Pi x P2)Fi 
syngeneic chimeras given Pi of P2 thymuses (Tables 6.11 and 6.12) will 
preferentially lyse infected targets of the thymic H-2 type, with bias 
equivalent to that reported in standard (Px x P2 )Fi Pi chimeras 
(Blanden § Andrew 1979). Nevertheless, there was detectable Tc cell 
activity restricted to non-thymic parental H-2. Results in Tables 6.4 
and 6.16 showed responsiveness restricted to H-2 antigens that were 
present only on the lymphomyeloid progeny of the donor stem cells, in­
dicating that the thymus had not completely determined restriction 
specificity. Restriction to non-thymic H-2 antigens expressed only in 
the radioresistant cells of the extrathymic host was not tested here, 
and has not been definitively analysed elsewhere. Yet reports based on 
studies in both radiation chimeras (Matzinger § Mirkwood 1978, Wagner 
et al. 1980a) and thymus-grafted nude mice (Lake et al. 1980, Kruisbeek 
et al. 1981) suggest that such restriction of cytotoxic T cell function 
to the non-thymic host H-2 is possible.
An interesting finding in (Pix P2 )Fi P and (Pi x P2)Fi -*
(Pi x P2)Fi chimeras that had been grafted with thymuses from both 
parental strains was that, as compared with normal (Pi x P2)Fi activity, 
their spleen cells gave lower cytotoxic activity on third-party 
allogeneic targets, on uninfected parental targets and, usually but 
not always, on infected parental cells (Tables 6.7, 6.9 and 6.13). This 
reduction was not apparent in chimeras that had received Fx hybrid 
thymuses, which often displayed higher cytotoxic activity against infected 
targets of both parental types than did the Fi controls (Table 6.6). 
According to negative selection theory, T cells maturing in each parental 
thymus will be non-reactive to the H-2 antigens of that thymus only, 
and may respond to "alio" determinants specified by the second thymus
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graft. In order to maintain self tolerance within the chimera, the T 
cells with receptors reactive to histocompatibility antigens of either 
parental type not encountered during their intrathymic development would 
be subject to suppression or deletion in secondary lymphoid tissue 
(Blanden § Ada 1978). Since alloreactive cells have a much higher 
precursor frequency than H-2 restricted antigen-specific cells (Skinner 
§ Marbrook 1976, Lindahl $ Wilson 1977), it would therefore be extremely 
likely that a part of the virus-specific T cell repertoire, cross- 
reactively responsive to H-2 antigens of the other thymus graft, would also 
be subject to suppression. As mentioned in Chapter 5, this mechanism 
has indeed been shown to operate in mice neonatally tolerised to 
H-2^ (Müllbacher et at. 1983).
Speculation that the H-2 restriction bias observed in functional 
T cells from (Pi x P2)Fi -* Pi chimeras is associated with thymus-induced 
changes to the MHC antigens expressed on lymphocytes (Sharrow et at.
1981) has been contradicted by data presented in this chapter. Although 
H-2 restriction preferences were detected in chimeric spleen cells, there 
was no concomitant detectable modulation of H-2K/D antigen levels. The 
cell surface concentration of H-2 antigens on stimulator cells and on 
target cells for cytotoxic responses is known to affect the efficiency 
of induction or effector function respectively of T cells (O’Neill § 
Blanden 1979), but there is no evidence that altered H-2 expression on 
T cells influences the capabilities of their antigen receptors.
One (CBA x B6)F], -*■ B6 chimera (Chimera 3, Table 6.8), that had
initially been grafted with both CBA and B6 thymuses, expressed much
k kreduced levels of H-2K and D antigens. The chimera had lost its CBA 
thymus graft, and its spleen cells lysed uninfected CBA targets after 
culture (Table 6.9); it showed an aberrant spleen cell H-2 phenotype
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associated with intolerance to the antigens of one parent (CBA), in 
agreement with data presented in Chapter 5 and elsewhere (Blanden et dl.
1981, Ashman et dl. 1982). The chimera gave a normal anti-ectromelia 
response restricted to B6, but because of its high level of cytotoxic 
activity against uninfected CBA targets, no conclusions could be drawn 
in this case regarding a possible association between H-2 restriction 
bias and H-2 antigen expression.
As a final observation, occasionally in rosetting experiments, the 
Fx hybrid mice used as standard controls have given unexpected H-2 anti­
serum titres. In Table 6.5, two of the (CBA x B6)Fx hybrids showed
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much reduced levels of H-2 K antigens, and in other examples (e.g.
Table 5.10, Chapter 5), reductions were observed in determinants
controlled by both the K and D regions of the H-2 gene complex. Modulations 
k kto K and D antigen levels on the cell membrane have never been observed. 
Such aberrations in Fx hybrid H-2 antigen expression have been found to 
occur at a frequency of approximately 5% (unpublished observation), an 
incidence too low for analysis by the rosetting technique employed here.
There is no indication at present that these H-2 antigenic 
aberrations might be of any benefit to the Fx animal. Fx hybrid 
resistance to bone marrow transplantation is well documented (Cudkowicz 
$ Bennett 1971, Harrison 1981, reviewed by Snell et al. 1976), as is 
spontaneous and induced Fx anti-parent cytotoxicity in vitro (Ishikawa 
§ Dutton 1979a, Nakamura § Cudkowicz 1979, Nakano et at. 1981). Fx anti­
parent cell mediated lysis is directed at parental antigens associated with 
H-2KJ<j>H-2D^ or H-2Db (Ishikawa § Dutton 1979b, 1980, Warner $ Cudkowicz 
1979, Nakano et al. 1981, Nakamura et al. 1983), but not with the H-21^  
allele. If the aberrant H-2 phenotypes detected on Fx spleen cells were 
associated with self tolerance, as appears to be the situation for
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chimeras (Chapter 5), one would expect the H-2 antigenic changes on
k b(CBA x B6)Fi cells to occur mainly in K or D cell surface concentrations. 
This, however, is not the case. The Fi aberrations in H-2 antigen levels, 
mainly evident for K expression, do not appear to advantage or dis­
advantage the host animal in any known way. But their appearance indicates 
that alterations in the quantitative regulation of H-2 antigen expression 
can arise spontaneously and the biochemical controls are open to manipulation 
in vivo.
6.5 Summary
As an approach to analysing the factors that contribute to 
determining H-2 restriction specificities of cytotoxic T cells, thymect- 
omised radiation chimeras of three combinations, (Px x P2)Fi -> Ply 
(Pi x P2)Fi -> (P], x P2)Fi and (Px x P2)Fi + (P2 x P3)Fi, were given 
transplants of foetal thymus tissue from parental strain or Fi hybrid 
donors. Once the chimeras had matured, their spleen cells were typed 
by rosetting for H-2 K and D antigen expression, then tested in a 
secondary in vitro anti-ectromelia virus cytotoxic assay for H-2 restricted 
responses on parental targets.
A pronounced preference for lysis of infected targets of the 
same H-2 haplotype as the thymus was observed, but the bias was variable 
from chimera to chimera, ranging from an undetectable preference through 
to absolute restriction to the thymic H-2. Clearly, virus-immune Tc cells 
could also be restricted to H-2 antigenic determinants of haplotypes not 
expressed within the thymus, not in the radioresistant extrathymic host 
environment, but expressed only by donated stem cell progeny lympho- 
myeloid cells. This finding refutes the model of positive selection by 
the thymus of Tc cell receptor repertoires.
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T cells from chimeras that had received thymuses of both 
parental strains were less effective than normal syngeneic Fi hybrid T 
cells in lysing allogeneic cells and both infected and uninfected parental 
targets. These results are discussed in terms of the negative selection 
model of thymus-controlled Tc cell repertoire development and extrathymic 
suppression.
Variation in H-2 restriction bias from one chimera to another was 
not reflected in modulations to the H-2 phenotypes of the chimeric spleen 
cells. Except for one chimera, which was intolerant to non-host H-2 
parental antigens, all the chimeras in this chapter expressed normal 
levels of H-2 antigens as compared with syngeneic Fi hybrids.
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Table 6.1 H-2 antigen expression on spleen cells from (CBA x B6)FX
('a')hybrid mice primed with ectromelia virus^ J
Titre"1 ^  [% RFC ^  ]
Expt Mouse No. -----------------------------------------
H-2 antigen: Kk Dk Kb Db
1 Unprimed Fi control 240 (74) 160 (37) 160 (68) 160 (66)
1 240 (70) 240 (44) 160 (61) 160 (62)
2 240 (65) 160 (42) 160 (64) 120 (63)
3 160 (68) 160 (38) 160 (61) 160 (68)
2 Unprimed Fi control 480 (81) 240 (45) 320 (78) 320 (74)
4 320 (76) 240 (49) 320 (76) 320 (71)
5 480 (80) 320 (50) 480 (79) 320 (69)
6 480 (81) 320 (47) 480 (75) 320 (66)
(a) Mice were injected i.v. with 105 pfu Hampstead Egg strain ectromelia 
in 0.2 ml gelatine saline. Their spleens were rosetted 14-15 days 
later.
(b) Titre is the reciprocal dilution of anti-H-2 antiserum at which 
rosetting reached 50% of peak value.
(c) Maximum % rosette-forming cells.
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Table 6.2 A typical secondary (in vitro) cytotoxic T cell response of 
(CBA x Bö)?! hybrids to ectromelia virus infection
(b)% specific lysis of PEC targets
K;T -------------------------------------------- -
Responder ratio CBA C57B1/6J BALB/c
Infected Uninf. Inf. Uninf. Inf. Uninf.
(CBA x B6)F! 9:1 49.3 20.6 45.2 17.4 21.4 18.7
3:1 28.7 13.6 27.4 6.6 12.2 10.9
1:1 17.7 5.4 8.8 0.1 4.3 2.1
(CBA x B6)F! 9:1 48.9 20.5 41.0 19.4 22.6 20.1
3:1 37.4 9.0 27.0 14.7 8.7 6.4
1:1 10.2 8.5 5.9 4.2 3.3 3.0
CBA 9:1 53.2 7.6 10.2 18.4 16.6 8.3
3:1 39.8 4.1 5.1 9.9 11.9 10.8
1:1 20.0 5.3 2.9 6.1 10.4 5.1
B6 9:1 5.9 6.6 49.9 12.5 10.7 9.3
3:1 7.3 3.5 25.8 6.7 8.8 5.6
1:1 4.8 2.5 8.1 5.2 9.4 0.8
(a) Responders were cultured for 5 days at 39°C (non-permissive for
ectromelia virus) with irradiated, virus-infected (CBA x B6) F!
stimulators as described in Chapter 2.
(b) Percent 51Cr release over 6 hours. The results given are the
means of triplicates with spontaneous release (^  20%) subtracted 
SEM’s, which were always below 4%, have been omitted for clarity.
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Table 6.3 H-2 antigen expression of spleen cells from (CBA x B6)Fi ->
CBA chimeras grafted with foetal thymuses from CBA or 
B6 donors
Expt ChimeraNo.
Thymus
graft
Titre"1 ^  [% R F C ^ ]
Kk Dk Kb Db1
1 Fx control _ 240 (81) 640 (36) 320 (68) 160 (73)
1 CBA 480 (87) 640 (38) 480 (71) 160 (76)
2 Fx control - 240 (60) 240 (38) 240 (52) 160 (57)
2 CBA 160 (65) 160 (37) 240 (53) 60 (58)
3 CBA 240 (63) 160 (36) 240 (50) 120 (51)
3 ¥1 control - 320 (70) 960 (41) 240 (78) 120 (66)
4 B6 320 (77) 640 (34) 240 (77) 160 (65)
5 B6 240 (69) 640 (36) 240 (77) 160 (69)
4 Fx control - 1920 (83) 1280 (58) 960 (83) 320 (89)
6 B6 320 (79) 640 (57) 1920 (71) 320 (86)
7 B6 960 (78) 960 (58) 960 (87) 320 (90)
(a) and (b) As for (b) and (c) in Table 6.1
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Table 6.4 Secondary anti-ectromelia Tc cell responses of
(CBA x B6)Fi -> CBA chimeras grafted with CBA or B6 
thymus. (From Table 6.3)
EXPERIMENT 1
Chimera^ K:Tratio
% specific lysis of PEC targets^
CBA C57B1/6J BALB/c
Inf. Uninf. Inf. Uninf. Inf. Uninf.
Fx control 9:1 54.3 22.4 50.6 16.4 25.8 21.9
3:1 41.8 8.7 32.1 11.6 15.4 13.5
1:1 29.7 3.2 21.4 5.2 6.3 4.6
Chimera 1 9:1 58.7 17.6 29.8 8.4 20.4 17.3
3:1 45.3 9.4 20.5 2.2 12.2 11.6
1:1 32.9 7.2 10.2 1.0 3.1 0.4
EXPERIMENT 2
Fx control 9:1 50.8 15.8 49.7 10.3 18.9 18.8
3:1 39.7 7.6 35.3 4.6 13.4 11.0
1:1 31.3 3.1 30.2 2.2 8.7 5.3
Chimera 2 9:1 61.3 10.4 42.6 15.6 11.9 10.6
3:1 48.9 6.1 35.5 11.9 5.7 8.6
1:1 32.2 5.3 20.1 3.1 8.3 2.9
Chimera 3 9:1 55.3 8.7 45.8 8.1 16.8 17.6
3:1 42.5 2.9 33.7 0.3 12.0 10.3
1:1 28.1 1.3 21.2 2.5 3.0 5.8
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Table 6.4 (continued)
EXPERIMENT 3
Chimera K:Tratio
% specific lysis of PEC targets
CBA C57B1/6J BALB/c
Inf. Uninf. Inf. Uninf. Inf. Uninf.
control 9:1 53.2 24.2 48.3 17.8 32.4 27.0
3:1 43.7 10.8 35.6 12.8 12.3 18.6
1:1 35.1 7.8 28.4 3.7 6.4 8.5
Chimera 4 9:1 54.2 26.2 54.2 27.8 23.8 24.8
3:1 46.2 11.0 44.8 11.0 7.9 17.4
1:1 37.1 5.4 32.8 5.0 2.2 9.2
Chimera 5 9:1 49.8 11.7 54.9 13.2 21.6 23.1
3:1 39.6 4.6 44.7 8.2 9.8 10.0
1:1 33.6 2.5 40.4 2.3 3.6 4.4
EXPERIMENT 4
Fx control 9:1 56.4 25.8 51.8 15.3 29.8 30.6
3:1 41.2 12.7 36.9 12.9 10.2 14.7
1:1 29.5 6.4 30.0 7.9 8.1 3.4
Chimera 6 9:1 44.7 21.2 53.5 18.8 26.7 26.8
3:1 29.8 10.9 44.1 13.4 10.5 12.9
1:1 20.4 5.3 32.7 6.9 3.2 5.1
Chimera 7 9:1 48.4 18.8 55.8 18.1 25.7 24.1
3:1 32.1 11.7 51.7 10.6 13.6 14.8
1:1 26.7 7.2 40.5 8.4 8.1 3.2
(a), (b) As for (a) and (b) Table 6.2
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Table 6.5 H-2 antigen expression of spleen cells from (CBAxB6)Fi -*CBA
chimeras grafted with thymuses from (CBAxB6)Fx hybrid or 
CBA and B6 foetal donors
Expt ChimeraNo.
Thymus
grafts
Titre-l(a) (% RFC (b)}
Kk Dk Kb Db
1 Fi control 240 (77) 120 (45) 320 (58) 240 (65)
1 (CBA x B6)F]_ 240 (79) 160 (41) 480 (65) 240 (65)
2 Fi control _ 1280 (92) 480 (44) ^ N D (19)* 80 (66)
2 (CBA x B6)Fi 960 (86) 480 (44) 240 (64) 80 (59)
3 Fi control _ 480 (59) 480 (42) 320 (67) 160 (68)
3 (CBA x B6)Fx 480 (66) 480 (44) 240 (62) 160 (69)
4 (CBAx B6)Fj. 480 (69) 480 (40) 320 (68) 160 (62)
4 Fi control - 1280 (92) 640 (48) ND (40)* 240 (70)
5 CBA + B6 320 (88) 480 (57) 320 (79) 240 (71)
6 CBA + B6 320 (85) 320 (54) 320 (76) 240 (75)
5 Fi control - 960 (83) 640 (60) 640 (82) 640 (82)
7 CBA + B6 1280 (86) 480 (64) 640 (77) 640 (80)
6 Fi control _ 1280 (89) 1280 (51) 480 (60) 320 (76)
8 CBA + B6 1280 (85) 2560 (55) 240 (65) 480 (84)
9 CBA + B6 640 (88) 640 (59) 480 (66) 480 (72)
(a) and (b) As for (b) and (c) Table 6.1 
(c) ND = not determined
* Aberrant titre for Fi control
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Table 6.6 Secondary anti-ectromelia Tc cell responses of
(CBA x B6)Fi -> CBA chimeras bearing (CBA x B6)Fi thymuses. 
(From Table 6.5)
Chimera^ 
No.
K:T
ratio
% specific lysis of PEC targets^
CBA C57B1/6J DBA/2J
Inf. Uninf. Inf. Uninf. Unf. Uninf.
Fi control 9:1 60.7 35.8 37.4 29.6 37.0 26.9
3:1 22.6 18.7 15.1 9.7 14.2 11.7
1:1 8.0 5.3 6.5 0.6 1.8 5.0
Chimera 1 9:1 68.4 16.1 42.0 12.3 39.6 36.4
3:1 58.7 7.2 29.1 2.4 8.0 9.0
1:1 36.2 2.7 22.4 0.8 0.8 8.3
Chimera 2 9:1 65.3 15.3 49.9 10.8 43.2 41.1
3:1 56.9 5.6 30.6 3.7 18.7 19.6
1:1 40.7 1.1 21.5 1.5 10.4 7.9
Chimera 3 9:1 60.4 17.5 52.1 11.1 41.6 39.7
3:1 59.8 8.6 33.8 6.9 24.0 20.0
1:1 36.8 1.4 25.3 0.3 3.3 5.9
Chimera 4 9:1 69.9 20.0 48.5 9.9 54.3 54.0
3:1 65.9 11.7 33.3 5.4 21.3 16.6
1:1 53.1 4.0 26.1 2.1 5.9 9.3
(a), (b) As for (a) and (b) Table 6.2
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Table 6.7 Secondary anti-ectromelia Tc cell responses of
(CBA x B6)Fi ** CBA chimeras grafted with both CBA and 
B6 foetal thymuses. (From Table 6.5)
% specific lysis of PEC targets^
Expt Chimera^ K:T CBA C57B1/6J BALB/c
No. No. ratio -----------------------------------------
Inf. Uninf. Inf. Uninf. Inf. Uninf
Fx control 9:1 61.4 38.7 40.0 28.0 31.2 26.0
3:1 29.2 25.7 23.4 13.3 10.4 11.8
1:1 11.4 11.1 4.3 1.5 5.1 3.8
Chimera 5 9:1 60.6 12.8 39.7 12.6 25.8 21.7
3:1 32.4 7.9 21.1 8.5 9.7 10.4
1:1 21.3 6.6 5.8 1.2 2.4 1.1
Chimera 6 9:1 62.7 17.3 41.9 15.6 23.9 21.1
3:1 30.8 12.5 25.5 5.1 10.9 5.8
1:1 15.4 0.7 10.7 3.1 6.4 0.3
Chimera 7 9:1 59.7 10.6 42.2 8.3 20.1 21.3
3:1 20.4 5.4 20.2 6.1 5.8 7.9
1:1 10.9 5.9 5.8 3.9 0.7 1.5
Fx control 9:1 61.3 38.6 49.6 40.6 43.7 41.7
3:1 51.6 20.4 40.9 15.3 21.2 22.6
1:1 40.6 11.0 32.7 5.6 10.1 6.1
Chimera 8 9:1 60.0 21.2 38.9 18.5 20.7 25.3
3:1 46.9 13.9 26.1 12.9 6.4 -0.1
1:1 27.5 6.6 8.2 3.3 7.5 0.0
Chimera 9 9:1 39.8 14.9 29.9 11.4 12.1 12.2
3:1 40.2 10.3 35.4 11.5 5.2 6.1
1:1 23.8 5.6 21.1 6.8 0.2 3.1
(a)»(b) As for (a) and (b) Table 6.2
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Table 6.8 H-2 antigen expression of spleen cells from
(CBA x B6)Fx -* Bo chimeras grafted with both CBA 
and B6 foetal thymuses
Expt Chimera No.
Titre 1(a) „(% RFC) (b)
Kk Dki Kb Dbi
1 Fi control 320 (85) 240 (56) 240 (79) 80 (80)
1 320 (86) 240 (60) 240 (81) +240 (78)
2 Fi control 640 (87) 640 (72) 480 (85) 320 (89)
2 960 (86) 640 (74) 480 (90) 640 (91)
3(c) *80 (29) *80 (60) 1280 (91) 320 (87)
3 Fx control 640 (76) 960 (57) 480 (80) 640 (82)
4 320 (74) 960 (68) 480 (82) 640 (79)
5 1280 (86) 960 (67) 480 (80) 640 (75)
* Significantly different from Fx control, 
t Marginally different from Fx control.
(a) and (b) As for (b) and (c) Table 6.1
(c) At the time of sacrifice Chimera 3 was found to be carrying only 
the B6 thymus graft. The CBA thymus had been lost. All the 
other chimeras in this table retained healthy thymus transplants 
of both parental types.
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Table 6.9 Secondary anti-ectromelia virus Tc cell responses of 
(CBA x B6)Fi -*■ B6 chimeras grafted with both CBA and 
B6 foetal thymuses. (From Table 6.8)
Chimera^ 
No.
K:T
ratio
% specific lysis of PEC targets^
CBA C57B1/6J BALB/c
Inf. Uninf. Inf. Uninf. Inf. Uninf.
Fi control 9:1 56.6 19.2 51.3 15.3 16.8 14.3
3:1 49.8 5.9 39.0 0.6 5.2 3.1
1:1 41.0 2.7 32.4 -1.3 1.1 -0.9
Chimera 1 9:1 59.4 9.5 58.7 9.4 13.9 12.7
3:1 42.6 4.6 45.5 2.1 10.4 1.8
1:1 31.3 3.5 35.2 -0.3 0.2 3.6
Chimera 2 9:1 51.1 4.9 52.2 6.4 8.7 5.6
3:1 37.4 5.9 41.0 3.8 4.2 5.6
1:1 32.8 7.2 33.1 2.4 1.5 -0.4
Chimera 3 ^ 9:1 57.4 58.6 59.8 14.0 32.4 33.0
3:1 55.5 53.3 41.7 4.6 29.8 30.0
1:1 48.9 37.3 24.3 1.5 25.4 24.1
Chimera 4 9:1 55.8 12.8 54.3 9.5 7.4 5.1
3:1 47.6 5.9 42.2 2.3 3.3 2.8
1:1 35.3 5.8 31.9 0.4 2.8 3.9
(a) and (b) As for (a) and (b) Table 6.2
(c) As for (c) Table 6.8
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Table 6.10 H-2 antigen expression of spleen cells from
(CBA x B6)Fi -> (CBA x B6)Fi chimeras bearing 
transplants of parental thymus
Expt Chimera No.
Thymus
grafts
Titre-1 (a){% R F C ) ^
Kk Dk Kb D
1 Fi control 640 (87) 480 (59) 320 (81) 320 (80)
1 CBA 960 (81) 480 (66) 480 (76) 240 (79)
2 CBA 640 (78) 480 (65) 320 (78) 160 (83)
2 Fi control - 480 (81) 960 (67) 480 (80) 320 (79)
3 CBA 960 (88) 960 (72) 480 (79) 240 (78)
4 CBA 960 (84) 960 (65) 240 (75) 240 (79)
3 Fi control - 640 (80) 640 (70) 960 (81) 320 (78)
5 CBA 1280 (83) 1280 (63) 480 (80) 320 (83)
6 CBA f1920 (89) + 1920 (70) 480 (88) 320 (87)
4 Fi control - 640 (80) 480 (43) 160 (79) 160 (64)
7 B6 480 (76) 320 (46) 320 (83) 320 (63)
8 B6 320 (72) 240 (43) 320 (79) 240 (66)
5 Fi control - 320 (75) 320 (54) 240 (63) 160 (72)
9 CBA + B6 320 (75) 320 (47) 160 (64) 160 (60)
10 CBA + B6 320 (76) 320 (46) 240 (61) 160 (65)
6 Fi control - 480 (74) 480 (50) 320 (74) 120 (71)
11 CBA + B6 480 (73) 480 (57) 320 (65) 120 (68)
12 CBA + B6 480 (73) 480 (51) 320 (69) 120 (71)
13 CBA + B6 480 (80) 480 (49) 240 (72) 120 (71)
t Marginally higher than the Fi control, 
(a) and (b) As for (b) and (c) Table 6.1
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Table 6.11 Secondary anti-ectromelia virus Tc cell responses of 
(CBA x B6)Fi *> (CBA x B6)Fi chimeras bearing CBA 
thymus transplants. (From Table 6.10)
Chimera^ 
No.
% specific lysis of PEC targets ^
Expt K: i ratio CBA C57B1/6J BALB/c
Inf. Uninf. Inf. Uninf. Inf. Uninf.
1 ¥1 control 9:1 46.1 16.3 41.8 15.5 25.5 25.9
3:1 44.2 11.6 38.5 6.1 11.6 12.3
1:1 33.9 8.9 24.8 4.2 5.1 5.1
Chimera 2 9:1 57.2 35.2 29.5 10.7 15.6 15.4
3:1 45.9 18.3 11.7 6.8 7.0 9.6
1:1 40.7 7.6 1.5 3.0 0.7 5.6
Chimera 4 9:1 51.5 19.0 3.7 4.6 13.0 12.5
3:1 38.7 11.7 -0.5 3.8 4.8 8.0
1:1 20.5 6.1 -4.0 3.2 2.0 5.5
2 Fx control 9:1 55.7 25.7 43.3 19.6 24.1 29.3
3:1 49.0 12.5 38.7 8.5 9.9 15.1
1:1 38.1 5.8 26.3 5.0 4.4 10.3
Chimera 5 9:1 50.4 21.8 24.2 9.6 27.7 28.1
3:1 54.7 8.9 14.7 5.9 10.6 9.4
1:1 45.4 5.1 10.0 4.0 5.2 5.9
Chimera 6 9:1 54.3 17.0 39.9 12.4 16.8 14.2
3:1 50.5 8.8 15.2 4.6 9.2 10.6
1:1 44.9 6.3 8.2 1.8 1.3 5.4
(a), (b) As for (a) and (b) Table 6.2
Table 6.12 Secondary anti-ectromelia virus Tc cell responses 
of (CBA x B6)F! -* (CBA x B6)F], chimeras 
bearing B6 thymic transplants. (From Table 6.10)
% specific lysis of PEC targets^
Chimera^ J K:T
No. ratio CBA C57B1/6J BALB/c
Inf. Uninf. Inf. Uninf. Inf. Uninf,
Fi control 9:1 50.8 17.7 39.8 15.4 25.2 25.5
3:1 42.3 11.4 25.4 8.8 9.0 13.4
1:1 35.1 5.7 17.4 5.9 2.3 7.7
Chimera 7 9:1 37.0 19.5 56.0 30.6 51.7 49.4
3:1 26.4 14.1 47.0 14.2 21.9 23.7
1:1 10.1 5.4 38.4 6.0 7.5 10.1
Chimera 8 9:1 35.5 21.2 57.4 24.3 45.7 46.6
3:1 21.9 10.8 45.9 10.1 18.9 21.8
1:1 11.4 3.2 39.9 4.4 5.3 2.2
(a), (b) As for (a) and (b) Table 6.2
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Table 6.13 Secondary anti-ectromelia virus Tc cell responses of 
(CBA x B6)Fi -> (CBA x B6)F! chimeras bearing CBA 
and B6 thymus grafts. (From Table 6.10)
Expt Chimera No'Ca)' K:T 
ratio
% specific lysis of PEC * «. (b)targets^
CBA C57B1/6J BALB/c
Inf. Uninf. Inf. Uninf. Inf. Uninf.
1 F ! control 9:1 60.2 8.9 51.0 6.6 3.4 11.9
3:1 46.9 4.1 24.2 -0.7 0.3 4.5
1:1 23.0 4.0 8.8 0.8 -3.1 5.0
Chimera 9 9:1 45.2 10.3 27.8 7.4 5.3 7.8
3:1 20.5 5.5 15.4 3.9 2.2 6.1
1:1 7.3 2.0 4.7 0.2 4.1 3.7
Chimera 10 9:1 53.2 6.5 32.5 3.9 -6.0 6.8
3:1 33.4 3.6 11.5 1.6 -2.7 2.6
1:1 15.6 2.9 1.1 0.6 -2.1 2.0
2 Fx control 9:1 61.7 12.9 54.4 10.3 15.2 19.5
3:1 50.1 5.7 23.8 4.7 5.0 8.0
1:1 25.0 3.5 9.1 1.8 -4.6 2.4
Chimera 12 9:1 48.4 7.3 29.6 4.3 5.8 6.4
3:1 29.8 4.2 10.4 0.9 2.1 5.1
1:1 10.7 3.1 2.1 0.0 1.5 3.9
Chimera 13 9:1 46.7 9.4 25.9 5.9 2.5 3.4
3:1 23.1 5.3 13.8 6.1 0.3 0.1
1:1 8.2 4.4 6.6 2.0 -1.1 0.4
(a), (b) As for (a) and (b) Table 6.2
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Table 6.14 Secondary anti-ectromelia virus Tc cell responses of 
(CBA x BALB/c) F], -> (CBA x BALB/c)Fi chimeras bearing 
BALB/c thymuses
Chimera N o . ^ K:Tratio
% specific lysis; of PEC targets (b)
CBA BALB/c SJL/J
Inf. Uninf. Inf. Uninf. Inf. Uninf.
(CBAx BALB/c)Fi 3:1 64.2 10.2 59.0 8.0 14.3 6.6
1:1 28.0 1.4 18.1 3.2 -0.9 -1.8
0.3:1 10.8 1.6 5.3 1.7 -0.9 -1.6
Chimera 1 3:1 36.7 3.3 60.9 9.5 7.8 3.7
1:1 13.8 4.0 53.9 5.2 2.7 -0.4
0.3:1 2.4 0.4 23.2 2.3 -1.8 -3.0
Chimera 2 3:1 21.5 2.1 70.1 10.0 21.5 6.3
1:1 6.1 0.9 40.7 2.3 1.6 -1.4
0.3:1 -3.4 0.7 9.9 1.3 -3.9 -3.5
Chimera 3 3:1 28.6 2.9 64.8 8.7 11.8 2.9
1:1 10.4 1.0 51.1 4.3 3.0 1.3
0.3:1 3.5 0.3 18.7 1.2 -1.4 1.5
(a) As for (a) Table 6.2, except that infected (CBA x BALB/c)Fi cells 
were used for stimulation.
(b) As for (b) Table 6.2.
Legends for Table 6.15
(a) As for (a) Table 6.2, except that the infected cells used 
for stimulation were (CBA x BALB/c)?]..
(b) As for (b) Table 6.2.
Chimera 3 
3:1 
34.8
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chimeras bearing CBA thymuses
(a) 
As for (a) Table 6.2, except that infected (B6 x BALB/c)F]. stimulators were used.
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chimeras bearing B6 thymuses
Figure 6.1. The production and analysis protocol for 
thymus-grafted chimeras
Fx hybrid mice 
6-7 weeks old
Thymectomy
2 months
v
950 rads
4xl07 foetal liver cells
2-6 hours
4 lobes foetal thymus under 
renal capsule
3-6 months
\f
hemisplenectomy - ----- > spleen fragment rosetted
2-3 months
>'
primed i.v. 105 pfu ectromelia (H.E.)
14 days
mice sacrificed
spleen cells cultured 
for secondary antiviral 
cytotoxic response
CHAPTER 7
GENERAL DISCUSSION : A SUMMARY IN PERSPECTIVE
7.1 Preamble
The work presented in this thesis was undertaken to provide more 
information about the immunobiology of semiallogeneic murine radiation 
chimeras. In the light of a large incohesive body of literature on immune 
T cell function in radiation chimeras, culminating in the discovery that 
(Pi x P2)Fi -* Pi chimeras sometimes show incomplete tolerance to P2 H-2 
antigens and that this anti-P2 reactivity can be accompanied by reduced 
spleen cell membrane concentrations of H-2 K and D antigens, this study 
sought firstly to provide some insight into the factors affecting H-2 
antigen expression in vivo. Secondly it undertook a reappraisal of 
the role of the thymus in the development of T cell recognition capabil­
ities as observed in radiation chimeras, an assessment approached in 
terms of tolerance to parental H-2 and the H-2 restriction patterns 
of anti-viral Tc cells.
7.2 Aberrant H-2 antigen expression in chimeras
By addressing the concept of altered H-2 antigen expression in 
semiallogeneic chimeras, this project has produced information on a 
phenomenon largely ignored to date in this experimental model. H-2 typing 
of chimeras (usually by anti-H-2 antibody and complement treatment) has 
been used almost exclusively in the past to show full reconstitution of 
the host by donor cells (e.g. Bevan 1977a), a method now known to be 
quantitatively inadequate (Blanden et dl. 1981). Considering the indis­
pensable role that H-2 defined determinants play in T cell mediated 
immunity (Doherty et dl. 1976, Forman § Vitetta 1976) and, as has more 
recently been established, the importance of H-2 antigen cell surface 
concentrations for effective T cell functioning (O'Neill $ Blanden 1979),
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the omission of consideration for quantitative changes to H-2 expression 
in radiation chimeras seems surprising.
Cancer research has provided considerable evidence to associate 
the survival and growth of tumours with their reduced expression of class 
I histocompatibility antigens (Motta § Bruley 1973, Holtkamp et al. 1979,
De Baetselier et al. 1980, Gooding 1982). Modulation of MHC antigen 
concentrations on tumour cells has been shown to reduce their susceptibility 
to Tc cell activity (Finn et dl. 1978). Some viruses can even increase 
the oncogenic potential of the cells they transform by reducing class I 
MHC gene expression (Meruelo et al. 1978, Gooding 1982, Schrier et al. 1983, 
Bernards et al. 1983). Quantitative fluctuations in H-2 antigen densities 
on the cell membrane are related to the life cycle of the cell: H-2
molecules are at their highest cell surface concentrations during the 
Gi period (Cikes § Friberg 1971), presumably because H-2 genes are 
expressed only during Gi (Cikes 1971, Cikes § Klein 1971). A recent 
report (Baldacci et al. 1983) has shown that reduced levels of H-2 
antigens on tumour cell membranes result from changes at the level of 
transcription of H-2 gene sequences and has indicated the existence of a 
mechanism controlling gene expression. Considering the weight of this 
evidence for both spontaneous and induced regulation of MHC antigen 
expression, the reduced levels of P2 H-2 antigens found on spleen cells 
from (Pi x P2)Fi -> P1 chimeras, that were incompletely tolerant to P2, 
would not seem so biologically exceptional.
Experiments in Chapter 3 have reproduced this phenomenon of low 
P2 H-2 expression in both (BALB/c x B6)Fi -* B6 and (BALB/c x CBA)Fi -*
BALB/c chimeras. Some conditions under which the low P2 H-2 phenotype 
occurred were described: it may be present at any period in the life of
the mature chimera and, once established, it probably persists indef­
initely. P2 skin grafts on the chimeras were not required for the aberrant
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H-2 phenotype to arise. No evidence was found to implicate P2 skin 
grafts as inducers of low P2 H-2 expression, although the possibility 
that they might promote reduced P2 H-2 antigen concentrations on chimeric 
lymphocytes was not eliminated.
Three different mechanisms were evaluated in an attempt to 
establish a possible cause for the modulation of P2-defined K and D 
H-2 antigens in semiallogeneic chimeras. As a first step, stem cells 
from chimeras shown to express low P2 H-2 on their spleen cells and to 
be intolerant of P2-type skin grafts, were transferred into lethally 
irradiated (Pi x P2)Fi secondary hosts (Chapter 3). Because the spleen 
cells in these repopulated secondary hosts displayed normal F* phenotypes, 
it was concluded that either (i) any selection of low P2-expressing 
cells in the original chimeras took place at a stage after the stem 
cells had differentiated into lymphocytes, or (ii) selected low P2- 
expressing stem cells, that had repopulated the primary host, had unstable 
H-2 phenotypes and could revert to expressing normal levels of P2 antigens 
in a syngeneic host environment. With respect to the first alternative, 
it would seem more likely that any anti-P2 immunological selection 
pressures within the Pi host would be more effective on cells that have 
higher densities of H-2 antigens. Bone marrow tissue is known to express 
lower levels of H-2 than spleen cells (Klein 1975). Yet the proportion 
of pluripotential stem cells in bone marrow is small, and since colony­
forming stem cells can effectively be lysed by anti-H-2 K or D antisera 
and complement (Russell § van den Engh 1979, Fitchen et at, 1982), they 
may well express class I H-2 antigens at levels similar to mature lympho­
cytes. However, because H-2 antigen concentrations on stem cells have 
not been precisely quantitated, the possibility remains that selection 
of low P2-expressing lymphocytes takes place after the cells have
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differentiated. In support of the second alternative, however, are 
reports that cells selected in vitro for much reduced levels of a given 
H-2 antigen were able to later regain normal H-2 concentrations in vivo 
(McMahon Pratt et al. 1977, Finn et al. 1978). Thus the P], host 
environment in the primary chimera would need firstly to select for low 
P2-expressing cells and then maintain control on the regulatory genes 
for H-2 expression (Baldacci et al. 1983).
Thymus-grafted semiallogeneic chimeras provided an experimental 
system for testing possible thymic influence on the quantitative expression 
of non-host parental H-2 antigens. From the results in Chapter 5, no 
evidence was found to implicate the thymus alone in modulating P2-defined 
antigen levels on chimeric spleen cells. There was, however, a strong 
association between lack of tolerance to non-host P2-type H-2 determin­
ants in the chimeras and reduced expression of P2 H-2 levels on their 
spleen cells. All the chimeras displaying the low P2 H-2 phenotype 
showed intolerance to the P2 haplotype firstly by rejecting skin grafts 
from P2 donors and secondly by spleen cell lysis of uninfected P2 targets 
after culture with P2 stimulators. Yet animals in which tolerance to 
non-host parental antigens could be broken, as shown by the rejection 
of parental skin grafts but not by anti-parent cytotoxicity, did not 
necessarily show reduced expression of parental antigens of that part­
icular H-2 haplotype. The extrathymic host environment seemed to 
regulate the level of expression of non-syngeneic H-2 antigens, but 
only when tolerance to the non-host H-2 type was fragile.
Did the reduced expression of P2 H-2 antigens in (Pi x P2)Fi Pi 
chimeras cause a failure in tolerance to P2, or did the lack of 
tolerance, demonstrated by anti-P2 immunological activity within the 
Pi host cause the observed low-P2 phenotype? Because Fi hybrid spleen 
cells can occasionally show modulation of parental H-2 concentrations on
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their cell membranes (Chapter 6), such aberrant H-2 phenotypes can 
therefore arise spontaneously, in the absence of anti-P2 selective 
activity. The failure of aberrant cells to provide adequate stimulation 
to maintain suppressor cell populations for control of P2-reactive 
lymphocytes might well permit a response against P2 histocompatibility 
markers in the host. On the other hand, the finding that anti-P2 
immunological activity was always detectable in chimeras with low P2 H-2 
implicates such activity in the extrathymic host environment as possibly 
causing the H-2 antigenic modulations observed by selecting out low P2- 
expressing lymphocytes. The question is unresolved.
In considering anti-P2 antibody as a third possibility for 
modulation of P2 H-2 antigen levels on chimeric cells, a brief attempt 
was made to detect anti-P2 antibody that might be masking and/or capping 
P2-defined H-2 determinants off the spleen cell membranes, as has been 
suggested (Molnar et at. 1973, Rajan 1977). After overnight culture of 
chimeric spleen cells that expressed low amounts of P2 H-2, no improvement 
was detected in the level of P2 H-2 that they displayed on their cell 
surfaces (Chapter 4). Taken together with the failure to find circul­
ating anti-P2 antibodies in other chimeras that displayed aberrant H-2 
phenotypes (H.C. O'Neill, personal communication), this result suggests 
that antibody probably does not modulate P2 H-2 cell surface concent­
rations, although it does not exclude a role for anti-P2 antibody as a 
selection factor. Low P2 expression could be experimentally induced in 
(Pi x P2)Fi -* Pi chimeras if the host was hyperimmunised with P2-type 
cells for antibody production before being irradiated (O'Neill et at. 
1983), but there is no evidence to show that this mechanism is responsible 
for spontaneously occurring aberrant H-2 phenotypes in radiation 
chimeras. The report that Px or P2 antigens may sometimes be expressed 
at much higher densities on spleen cells of (Px x P2)Fi -* Pi hybrids
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(O’Neill e t  d l . 1983) suggests that anti-H-2 antibody-binding cell 
surface molecules is not the only way that H-2 antigen concentrations 
are varied within aberrant chimeras, if such binding occurs at all. In 
the light of the studies on H-2 antigen modulation under conditions 
of non-immunological selection (Motta § Bruley 1973, Finn e t  a l . 1978, 
Holtkamp e t  a l . 1979, De Baetseler e t  a l . 1980, Bishop e t  a l . 1982), 
the search for anti-P2 antibody was not pursued further.
In this project, modulation of parental H-2 antigen expression on 
spleen cells has been correlated with T cell function, not with B cell 
activity in the chimeras. Low P2 expression was originally described 
in chimeras that had displayed intolerance to P2 antigens in terms of 
T cell responses (Blanden e t  a l . 1981), and since changes in H-2 antigen 
expression within an animal would fundamentally affect the functioning 
of its T cells, T cell reactivity was analysed. The capabilities of B 
cells in chimeras with aberrant H-2 phenotypes is open to study. It is 
possible that H-2 phenotypic aberrations occur to different extents on 
T cells and B cells; this also has not been investigated. Because the 
concentration of non-host parental H-2 in chimeras was found to be 
reduced on almost all the cells of a spleen (e.g., Chapter 4), it was 
assumed that both T and B lymphocyte populations expressed the aberrant 
phenotype. This assumption could be tested using cell-separation 
techniques.
Another assumption made here regarding changes to H-2 phenotypes 
was that the differences observed in chimeras as compared with normal ¥1 
hybrid cells were quantitative reductions in the cell membrane concentr­
ation of H-2 molecules rather than qualitative changes to the antigenic 
determinants. While new H-2 specificities have been reported on virus- 
induced tumour cell lines (Garrido e t  a l . 1976a,b), the bulk of
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literature on H-2 antigen modulation has reported quantitative reductions 
in the expression of K and D region products or of X-encoded molecules 
alone (Motta § Bruley 1983, Holtkamp et dl. 1979, De Baetselier et dl. 
1980, Bishop et dl. 1982). In the chimeras, deregulation of the expression 
of any new H-2 gene products must have been accompanied by inhibition 
of normal H-2 gene expression to account for the reduced levels of P2 H-2 
antigens on the spleen cell membranes.
Alternatively, qualitative changes may have arisen in the H-2 
molecules themselves. This seems improbable since data on mutations within 
the H-2 genes have shown them to arise at a frequency many times lower 
than the rate of H-2 phenotypic changes shown in chimeras in this thesis 
(Klein 1975, Melvold § Kohn 1975), and many of these mutations are not 
detected serologically (McKenzie et at. 1977). The antisera used for 
H-2 typing the chimeras in this project were polyclonal and therefore 
would contain a range of immunoglobulins that would bind to a number of 
different antigenic sites on each H-2 molecule. It seems unlikely that 
mutation-induced changes in the amino acid sequences of the H-2 molecules 
would alter their antigenic determinants extensively enough to reduce 
antiserum binding as much as was observed in most aberrant chimeras 
(e.g. Chapter 4), or that such extensive changes would take place as 
frequently as observed in this thesis. From the facts known about the 
genetic regulatory mechanisms controlling H-2 expression mentioned above 
(Cikes 1971, Cikes § Friberg 1971, Cikes § Klein 1972, Baldacci et al. 
1983), quantitative changes in H-2 antigen cell surface concentrations 
seems the simplest explanation for aberrant H-2 phenotypes of chimeric 
lymphocytes. However, the above qualitative alternatives cannot be 
completely discounted at this stage; they require testing with monoclonal 
anti-H-2 antibodies for validation or refutation.
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In conclusion, it is clear that H-2 antigen expression on lympho­
cytes in semiallogeneic radiation chimeras is not fixed, but can be 
modulated within the host. The association of altered H-2 antigen levels 
with the maintenance of self tolerance has been demonstrated here. Much 
is yet to be done to establish its causes and its controls.
7.3 H-2 restriction specificities and the thymus
As an experimental system for reassessing thymus participation 
in the development of Tc cell H-2 restriction specificities, thymectomised 
semiallogeneic radiation chimeras were grafted with foetal thymus tissue 
from parental or syngeneic Fi donors. When the spleen cells of these 
chimeras were tested in secondary in vitro anti-ectromelia virus responses 
for their restriction patterns (Chapter 6), the following was observed:
1. Overall, in chimeras grafted with thymuses from one parental strain, 
there was a bias in H-2 restricted responsiveness towards the thymic H-2 
type. This bias varied from marginal to complete, but absolute restriction 
was infrequent (4 out of 21 chimeras). Generally the response patterns 
were more like those of Fi hybrids than homozygous animals of the parental 
strains. 2. All animals that showed absolute restriction to the thymic 
H-2 type carried only CBA thymuses. Total restriction to the thymus was 
not observed for chimeras with B6 thymuses only. 3. Chimeric T cell 
restriction to the non-thymic, non-host parental H-2 type was readily 
detected, thereby demonstrating that the radioresistant tissue of the 
thymus did not exclusively dictate H-2 restriction specificity. 4.
Chimeras bearing thymus grafts from both parental strains showed generally 
lower cytotoxicity on infected parental targets than did chimeras with 
Fi hybrid or single parental thymus grafts. They also gave lower third-
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party lysis of allogeneic target cells, suggesting extrathymic cross­
reactive suppression of T cell reactivity.
With respect to results already published on thymus-grafted 
chimeras, the present failure to find uniform absolute restriction to the 
thymic H-2 agrees with some data (Fink £ Bevan 1978) but not with others 
(Zinkemagel et al. 1978b). This disagreement may be resolved by the 
following considerations. Firstly, the cell line targets used in the 
report claiming absolute restriction to the H-2 type of the thymus (Zinker- 
nagel et at. 1978b) are less sensitive to lysis than the PECs used in 
Chapter 6, as has already been discussed (Chapter 1, section 5.4). Secondly, 
in the present study, after memory T cells had been generated in vivo 
with the powerful immunological stimulus of replicating ectromelia virus, 
secondary responses were always restimulated in vitro with infected 
standard Fx hybrid cells. The contradictory report of Zinkernagel and 
colleagues, using vaccinia virus (limited replicative capacity in mice) , 
looked at primary in vivo responses under undefined, and possibly variable, 
stimulating conditions within the host, a perhaps less efficient system 
that was not capable of revealing the full immunological potential of 
the animal. Thirdly, in their study Zinkemagel's group produced thymus- 
grafted chimeras by implanting 850 rad irradiated 6-8 week old adult 
thymuses subcutaneously into the newly irradiated and reconstituted host 
animals. Such a protocol would permit temporary or long-term activity 
by thymocytes that had survived interphase death (Doherty et al. 1981) 
from the less than maximal irradiation dose. While the precise effects 
of such active thymocytes are unknown, it does not seem unreasonable 
to speculate that they may respond to non-thymic H-2 antigens on the 
stem cell-derived differentiating T cell populations and possibly affect 
their H-2 restricted receptor repertoire. Thymus grafts in the experiments
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described in this thesis were from foetal donors at 15 days’ gestation. 
These grafts were the smallest that could be manipulated easily without 
structural damage during transplantation; while they contained some 
lymphocytes, those present were not immunocompetent (Owen § Jenkinson 
1981) and the grafts were transplanted at a stage well before the peak 
of the major lymphoid proliferative burst (Jenkinson et al. 1980). 
Furthermore, the age of the thymus grafts was the same as that of the 
foetal liver used to reconstitute the chimeras. This system would 
therefore more closely resemble the conditions present in a normal 
animal during the ontogeny of the immune system.
Considering the above points, it is evident that H-2 restriction 
patterns in Tc cell responses of semiallogeneic chimeras are not dictated 
exclusively by the thymus. Arguments propounding the positive selection 
of Tc cell receptors that can bind "self" H-2 determinants expressed in 
the thymus (Langman 1978, von Boehmer et al. , 1978, Zinkernagel et al. 
1978b, Fink § Bevan 1981) cannot account for this finding and are therefore 
inadequate in describing the events that take place within the thymus and 
other parts of the lymphoreticular system as the Tc cell receptor repert­
oire develops.
Furthermore, the data presented here indicate that a contradiction 
no longer exists between results from the two experimental systems of 
thymus-grafted radiation chimeras and thymus-grafted nude mice. Reports 
that splenic Tc cells from Pi nude mice reconstituted with (Pi x P2)Fi 
or P2 thymuses (Zinkernagel et al. 1980, Lake et al. 1980, Kruisbeek et al. 
1981) are restricted to Pi H-2 antigens (not P2 H-2 determinants of the 
thymus) do not conflict with observations that Tc cells restricted to 
non-thymic H-2 can be found in thymus-grafted radiation chimeras, when 
interpreted in terms of negative selection (Janeway et al. 1976, Blanden
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$ Ada 1978). If the thymus functions primarily to eliminate those cells 
that bind "self" H-2 (as determined by the genotype of the thymus) 
strongly enough to be activated, then self-tolerant cells that survive 
the thymic screen would be potentially capable of recognising antigen in 
association with a different H-2 haplotype. Tc cell responses restricted 
to non-thymic parental H-2 antigens, as seen in chimeras in Chapter 6 and 
in thymus-grafted nude mice as described above, would therefore be 
possible.
Models of negative selection invoke suppressor mechanisms in the 
secondary lymphoid tissue to control any self-reactive cells that might 
escape deletion in the thymus, and also to prevent T cell autoreactivity 
against H-2 haplotypes not encountered on the non-lymphoid cells of the 
thymus. When the effect of the thymus on self-tolerance in mature 
chimeras was examined (Chapter 5), thymus-grafted radiation chimeras 
could mount responses both in vivo and in vitro against non-host parental 
H-2 antigens, regardless of whether or not they were encountered in the 
thymus. The extrathymic host environment presumably maintained active 
suppression against T cells reactive to H-2 antigens that were present 
on the Fi lymphomyeloid system but were not a normal component of the 
irradiated parental host. This suppression could be experimentally over­
come. Suggestions of extrathymic suppression have been reported for DTH 
responses in thymus-grafted chimeras (Smith § Miller 1980); DTH responses 
restricted to the I region of the H-2 gene complex also show bias towards 
the haplotype of the thymus in association with the foreign antigen 
(Miller et at. 1979).
Anti-idiotypic suppression against P2-reactive cells in (Px x P2)FX-»" 
Pi chimeras, presumably mediated by a limited range of suppressor specific­
ities (Bellgrau $ Wilson 1979, Dorsch § Roser 1982), would be expected
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to cross-react on the P2 + X receptor repertoire. Such cross-reactivity 
has been shown to function in neonatally-tolerised animals (MUllbacher 
et at. 1983). As described in Chapter 6, the reduced spontaneous 
alloreactivity against third-party targets, and the generally lower H-2 
restricted lysis of infected parental targets that was mounted in vitro 
by spleen cells of radiation chimeras with thymus grafts from both 
parental strains is consistent with cross-reactive suppression in these 
animals.
Thus the weight of evidence on the immunological function of the 
thymus in shaping the Tc cell receptor repertoire for H-2 restricted 
responses favours intrathymic negative selection of T cells that are non­
reactive to self H-2, and maintenance of self tolerance by extrathymic 
suppression. Until the biochemistry and genetics of the T cell receptor 
are known, the negative selection hypothesis cannot be definitively 
tested. For the present it provides a useful working model to describe 
the role of the thymus in the ontogeny of T cell recognition capabilities.
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